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FOREWORD 


This manual contains basic technical and practical 
information based on the curriculum outline for the 
Testing & Repair Department of this school. The sub- 
ject matter covered in this manual is necessary infor- 
mation that the student must learn in order to master 
the jobs that will be presented in this department and 
in following departments. 


The purposes of this instructional manual are as 
follows: 


1. To provide a guide for the student in his class 
and shop work. 


2. To supply information in outline form to which 
the student may add supplemental notes in his own 
words as the different points are explained by 
instructors. 


3. To service as a reference both to the student in 
school and to the graduate after he enters the 
field. 


Appreciation is extended to the Testing & Repair per- 


sonnel and to the entire faculty for developing the 
material for this manual. 


B. W. Cooke, 
President 


Coyne Electrical School 
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THREE PHASE STATOR WINDING : 


Objectives 


dis To learn the rules pertaining to rewinding of three-phase, lap-wound, two layer 
winding. 


2. To learn a standard procedure on developing a pias hitos stator winding. 


References 


Lesson Content 
A. Review 
1. Coil-group 


A "coil-group" is the number of coils for one phase for one pole. The number 
of coils which must be connected in series to form a "coil-group" can be found 
by using the following equation - 


Coils per group = slots 
poles x phase 


2. Full pitch coil span 


"Full pitch coil span" refers to a coil which spans from a slot in one pole to 
a corresponding slot or position in the next adjacent pole. Another way to ex- 
press "full pitch coil span" is " a coil which spans a distance which is equal 
to the distance from the center of one pole to the center of the adjacent pole." 


The formula for determining full pitch coil span is as follows: 


slots 4 

poles , 
Full pitch is also known as 100% pitch. In some cases a coil may be more than 
full pitch, but should never exceed 150% pitch. 


Coil Spel’ = 


The term fractional pitch applies to coils which span less than full pitch. A 
fractional pitch winding should never be less than 50% of full pitch. 


A "chorded" winding usually applies to a winding whose coils are less than full 
pitch, (fractional — put it may be either less than full pitch or more than 
100% pitch. 


3. Electrical degrees per slot 


This term is commonly used to express that portion of the pole which one slot 
covers. It is abbreviated "E° per slot." 
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There are 360° per pair of poles, therefore, one pole represents 180 E°. 


E°/slot = 180 


slots/pole 


4, Lap winding 


A lap winding is one in which all the coils in a coil-group can be traced 
through before leaving that coil group. 


B. Applications, Ratings, and Cost 
1. Approximately 85% of all motors in industrial applications are three-phase. 
The two-layer winding is most frequently used. It is easy to manufacture, as- 
semble, and repair. All coils are alike. The number of coils is equal to the 


number of slots. 


2. The ratings of three phase motors for industrial applications will vary from 
approximately one-sixth horsepower up to thousands of horsepower. 


To give an idea of the cost of the more common ratings, the following list is 
presented. | 


GO GENERAL PURPOSE, 60 CYCLE, OPEN TYPE 40° CENTIGRADE TEMP. RISE 


1/6 H. P. @ 1800 R.P.M. $ 20.00 


1 H. P. @ 3600 R.P.M. 4O.00 @ 514 R.P.M. $100.00 
5 H. P. @ 3600 R.P.M. 75.00 @ 514 R.P.M. 250.00 
10 H. P. @ 1800 R.P.M. 125.00 @ 514 R.P.M. 350.00 
25 H. P. @ 3600 R.P.M. 200.00 @ 514 R.P.M. 580.00 
50 H. P. @ 3600 R.P.M. 410.00 @ 514 R.P.M. 850.00 
100 H. P. @ 3600 R.P.M 850.00 @ 514 R.P.M. 1350.00 
200 H. P. @ 3600 R.P.M. 1500.00 


The above prices are list prices, pre-war and are approximate. 


Wound rotor motors will cost approximately two to three times as much as the 
above list at the same horsepower rating. 


Totally enclosed motors will be about 130% of the above prices. 
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C. Construction 
L. Colls 


a. Stators of 15 horsepower and under, and for less than 550 volts, usually 
have partly closed slots and are commonly wound with "fed in" or "threaded 
in" windings. For this type of winding we can use any one of the types of 
coils shown in Fig. l. 

b. The "mush" type of coil is used whenever and wherever possible. Most coils 
not wound in layers fall under the classification of mush coils. They are 
sometimes referred to as "hit and miss" coils. One type of diamond coil is 
wound, shaped and the ends taped with half-lapped cotton tape before the 
coil is fed into the slots. The "plain mush" (dad), is the most simple of all 
to wind. It is used mostly in bi-polar d-c machines. The "basket coil" (bd) 
is simply wound to the approximate shape, and to the proper length and size, 
but is usually left untaped. The leads can be twisted together to hold in 
place. In winding the "plain flat diamond mush", (a) the leads are left loose. 
When winding the (c) coil, the leads are tied to the body of the coil which 
saves time for the winder. The basket coils are generally used only for 
"one coil per slot" windings and small two-layer windings. The diamond coils 
whether flat or pulled are used on larger machines. 


c. The untaped sides of either of these types of coils makes it possible to 
feed the wires one or two at a time into the narrow slot openings. 


d. After the coils have been placed in the slots, the ends may or may not be 
taped. Whether or not you tape the coil ends will be determined by the size 
of the motor and the voltage at which it is to operate. Sometimes the coil 
ends are shaped with a fibre drift and a rubber or rawhide mallet, to allow 
the coil ends to pass over each other more easily. 


2, Slot insulation 


a. Before we can begin the actual placing of the coils in the slots, we should 
check the condition of the stator laminations. The stator should be clean. 
Remove any burrs or sharp edges in the slots. A file can be used. The slot 
insulation may now be placed in the slots. 


b. The slot insulation, when used properly, should be so placed that there will 
be no electrical contact between windings or between windings and frame, The 
insulation provides a mechanical separation between coils and core which in 
itself is sufficient insulation. The insulation on the wire and the wrap- 
ping of the tape on the coil, if used, constitutes the major portion of in- 
sulation and any other material which is placed between the coils, or between 
the coils and the core, is mainly for mechanical reasons. 


c. Many different types of materials are used for slot insulation. Manning- 
paper, fish-paper, fuller board, pressboard, manila paper, mica paper, mica 
cloth, micanite, and glass insulating materials represent a few of the mat- 
erials used for slot insulation. The above materials may be purchased at a 
wide range of thicknesses, from approximately four mils to one-hundred-fifty 
mils in thickness. ° 
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d. Cut the slot insulation to size and place it in the slot, Make sure the in- 


sulation extends beyond the length of the slot, 1/8" to 3/8" for small and 
medium size machines. Make a "cuff" on the slot insulation. See Fig. 2. 


es Layout 


We shall now figure the development of a winding for a 36 slot stator which we 
will wind for six poles, three-phase. | 


a. 


Coil-group =- ——Siots ss 36 


= = 2 
poles x phase 6x3 


This means, we must connect two coils in series to form each coil-group. 


. Coil span - _ Blote— & 1. 36 + l- 7. 


poles . 6 


Therefore, a coil will be in slots one and seven, or their equivalent such 
as slots four and ten. This is full pitch (100%) coil span. 


4. Placing coils in slots. 


After the slots have been insulated, we may begin the actual placing of the 
coils in the slots. 


Ge 


Place one side of the first coil in any slot, with the leads of the coil to- 
ward the winder. 


. One side of the next coil is then placed in the slot to the right of the 


first, which will make the winding progress in a counter-clockwise direction 
around the stator. Four more coils are then placed in the slots in a simi- 
lar manner, leaving the topsides of all of the coils out of the slots. 


. We now have six coils placed in slots. They are upright in the stator, that 


is, they have not been laid down and placed in proper slots. It is best, on 
the smaller machines, to connect the coils into the coil-groups as they are 
placed in the stator. See fig. 3. You will notice by referring to Fig. #4 
that the bottom lead of the first coil is connected to the top lead of the 
second coil. , 


NOTE: The bottom lead from a coil is that lead which comes from that side 
of the coil which is lying in the bottom half of the slot. 


The top lead from a coil is that lead which comes from that side of 
the coil which will, or is going to lie, in the top half of the slot. 


The top lead of the first coil and the bottom lead of the second coil are 
identified with sleeving of the same color (red). 


The splice, which was made between coil one and coil two, is called a stub 
connection. Of course the insulation on the wire must be removed and a good 
electrical connection made. On the smaller and medium sized machines the 
stub connection can be a two-wire pigtail type of splice. 
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d. The bottom lead of the third coil is connected to the top lead of the fourth 
coil to form the second coil-group. The top lead of the third coil and the 
bottom lead of the fourth coil are identified with sleeving of one color, 
(white). This color will be a different color from that which was used in 
the first group. 


Coils five and six are connected together in the same manner as presented 
above, however, the color of the sleeving used on the coil-group leads will 
be different than the color on coil-group one and coil-group two. Place 
blue sleeving on these leads. 


e. It is very important that the coil-groups be formed in the manner presented. 
If, for example, we had connected the bottom lead of coil one to the bottom 
lead of coil two, the fluxes, when set up, would oppose one another. If this 
connection was made by mistake in one coil-group the result would be a very 
weak magnetic pole in the stator. (see Fig. 4). 


In any motor, the number of coils which must be connected in series for one 
coil-group, must be very carefully connected. ALL COILS OF THE SAME COIL- 
GROUP MUST BE CONNECTED FOR THE SAME POLARITY. 


f. When the bottom sides of the seventh and eighth coils are placed in the 
seventh and eighth slots, respectively, they can be connected together to 
form a coil-group. The color of the sleeving used on the leads from this 
coil-group (4th coil-group) will be the same color as the sleeving used on 
the first coil-group. (red). 


leads. 


Example: Group #1 - red 
Group #4 - red 
Group #7 - red etc. 


g. You may now place the top side of coils seven and eight on top of the bottom 
Sides of the first and second coil respectively, or in other words, in slots 
one and two. This procedure of placing the coils in the slots is followed 
until all the coils are in place. The bottom sides of the last six coils 
will be placed under the top sides of the first six coils. The top sides of 
the first six coils are to be laid down last. 


h. The slot insulation can now be trimmed, folded over the coils, and the slot 
wedges put in place. 


The coils of the winding just described were laid in to the right or counter- 
clockwise. They could have been placed in the stator in a clockwise direc- 
tion. Placing the coils in many stators is determined by the shape of the 
diamond point on the coil. They are called right hand coils and left hand 
coils, viewed from the front end which is the lead end of the coil. 


i. The bottom leads of all coil-groups are bent out around the edge of the frame 
and all top leads are arranged straight out from the stator core. The next 
step would be to strip the ends of these leads and temporarily connect them 
in bunches for making a ground test from the coil leads to the stator. 
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This test can be made with a 110 volt test lamp, and it should always be done 
before connecting any phases to make sure that none of the coil-groups are 
grounded because of damage to their insulation while they were being placed 
in the slots. By using the test lamp or the volt-ohmmeter you can check for 
continuity through each coil-group. 


5. Connecting the coil-groups to form phases. 


a. Connecting the coil-groups to form phases can be done as soon as the wedges 
are in the slots and the above tests have been applied. You should now have 
thirty-six leads from the stator. Highteen of them are top leads and eigh- 
teen are bottom leads. The bottom leads from all coil-groups should be bent 
out around the edge of the frame. The top leads from all coil-groups can be 
arranged to stand straight out from the stator core. 


b. Select any top lead from any coil-group close to the terminal housing and 
call it the start lead of one phase. This group will be called group "one". 
Connect the bottom lead of this coil-group to the bottom lead of the next 
group of the same colored sleeving (coil-group #4), Fig. 5. 


Connect the top lead of coil-group four to the top lead of coil-group seven; 
the bottom lead of coil-group seven to the bottom lead of coil-group ten; 
the top lead of coil-group ten to the top lead of coil-group thirteen; the 
bottom lead of coil-group thirteen to the bottom lead of coil-group sixteen. 
The top lead on coil-group sixteen is the finish lead of this phase. 


c. Notice in the above paragraph that EVERY THIRD GROUP WAS CONNECTED IN SERIES 
TO FORM ONE PHASE. Thus: 1-4-7-10-13 and 16. 


The next phase is connected in the same manner. The start lead of the second 
phase is the top lead of coil-group three. Therefore starting with coil- 
group three, the following coil-groups will be connected in series - 3-6-9- 
12-15-18 bottom to bottom, top to top, etc. 


d. The next phase to be connected will start with the top lead of coil-group 
five. Continue through coil-groups 8-11-14-17 and 2. The connections just 
made, between the coil-groups, are called jumper connections. 


NOTE: 1. The three starts, for the three phases, were icine from groups #1, 
#3 and #5 near the terminal housing. 


2. The finish lead of the third phase (top of coil-group two) falls be- 
tween coil-groups #1 and #3. 


3. All start and finish leads of the phases are top leads of the coil- 
groups. | 
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D. Testing 
1. Each phase 


Apply a low value d-c voltage to the start and finish lead of one phase. Move 
a magnetic compass around the inside of the stator. It should indicate six 
poles. 


Test out each phase in the same manner. If there was an open in one or more of 
the phases, no current would flow and the compass would not indicate different 
polarities around the inside of the stator. You can also test for an open in 
the phase by using a 110 volt test lamp. If a mistake was made in connecting, _ 
when forming coil-groups, or when connecting the coil-groups in series to form 

_ phases, the magnetic compass will not indicate properly the correct number of 
poles. By watching the compass needle you can determine the location of the 
wrong connection. 


oe Svacor 


After each phase checks out with the proper number of poles, connect the phases 
"star" and apply an a-c voltage of approximately 20% to 25% of rated voltage. 


An ammeter should be connected in series in each line. Notice the current in 
each line. If an excessive current flows in any phase it indicates a wrong 
connection, more than likely a 60° phase displacement. Recheck location of 
start leads of each phase (should be coil-groups 1, 3 and 5). It is possible 
a mistake was made when checking each phase with DC. 


THE START LEADS OF EACH PHASE SHOULD BE FROM COIL-GROUPS #1, #3 and #5 AND THEY 
ARE ALL TOP LEADS. 


When above tests check O.K. you can fold or press down the jumper connections 
(They must be insulated and taped) around the outside of the coil ends, which 
must clear the end shields and the rotor. The winding is now ready for insul- 
ating compound or varnish and possibly baking. . 


E. Summarization 


The mush types of coils are increasing in popularity due to the improvements in 
insulation on the wire and other insulating materials. They are simple. They 
are quickly and easily manufactured, thereby decreasing cost of assembly in comp- 
arison to other types. 

There are other ways and procedures of developing a three phase winding, however, 
the above précedure is one which is simple and can be applied to practically all 
three phase two-layer windings. 
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F., Questions 


1. What determines how many coils will be connected in series to form one coil- 
group? 


2. Are there as many coils as there are slots in a two-layer winding? 


3. Stators having partially closed slots are usually used in motors up to about 
what horsepower rating? 


4. What is the most common type of coil used in the stators of motors whose rat- 
ings fall in the small and medium classification? 


. Why are "cuffs" used on slot insulation? | e 


ON. WA 


. What are some of the more common types of slot insulations? 


—] 


. What is the difference between a "stub" connection and a "jumper" connection? 
8. Is every third coil-group connected in the same phase? 

9. Must all coils in the same "coil-group! be connected for the same polarity? 
10. Must all coil-groups in the same phase be connected for the same polarity? 


11. Would you test the phases for proper jumper connections before testing the 
stator for grounds? 


12. Why are coil-groups #1, #3 and #5 used for the start leads of each phase? 


10 Coyne Electrical School | TA-T&R-4-7 


Testing & Repair Lesson No. 2 


THE COYNE MULTIMETER 


Objective 


To learn the construction and use of a Multimeter and the precautions which should be 
observed and practiced when using a multimeter. 


References 


Lesson Content 
A. Review 


An instrument is a device for measuring the present value of the quantity under 
observation. . 


An indicating instrument is an instrument in which the present value of the quant- 
ities measured is indicated by the position of a pointer, relative to a scale. 


A zero adjuster is a device for bringing the pointer of an electrical instrument 
to zero when the electrical quantity is zero. 


The rating of an instrument is a designation assigned by the manufacturer to indi- 
cate its operating Limitations. 


The permanent-magnet moving-coil (d'Arsonval) instrument is an instrument which 
depends for its operation on the reaction between the current in a movable coil 
and the field of a fixed permanent magnet. 


An instrument multiplier is a series resistor which is used to extend the voltage 
range of an instrument beyond some particular value for which the instrument is 
already complete. 


An instrument shunt is a resistor connected in parallel with the measuring device 
to extend the current range beyond some particular value for which the instrument 


is already complete. 


To determine the value of a multiplier when a higher voltage range is desired: 


_ Ex 2. Et - Em | Where: Rx equals Resistance in ohms of 
re, gale Im multiplier 
Ex equals Voltage-drop across 
multiplier 


Ix equals Current through multiplier 
Et equals Voltage range desired 

Hm equals Voltage rating of meter 
Im equals Current rating of meter 


NOTE: The voltage rating of the meter (Em) is the voltage which must be applied to 
the movement of the meter to obtain full scale deflection. 


TA-T&R-47 Coyne Electrical School 13, 


=~ 


Lesson No. 2 Testing & Repair 


12 


The current rating of the meter is the current which will move through the movement 
of the meter, when applying rated voltage to obtain full scale deflection. 


EXAMPLE: Given - one instrument mechanism which has a voltage rating of 50 milli- 
volts and a current rating of one millampere. . 


To find - the resistance of the multiplier necessary to allow the instru- 
ment to measure 10 volts. 


Solution: - By making use of the equation given above - 
Rx - Be ™ - 10 - .050 _ _9-950 _ 9950 ohms 
na “O01 001 


To determine the value of a shunt when a higher current range is necessary: 


Rsh - 28h . _ fm Where: Rsh equals Resistance, in ohms of shunt 
ish ~ It - Im Esh equals Voltage applied to shunt 
Ish equals Current through shunt 
Hm equals Voltage rating of the meter 
Im equals Current rating of the meter 
It equals Current range desired 


NOTE: "Em" and "Im" have the same meaning as given in preceding paragraph. 


EXAMPLE: Given - one instrument mechanism which has a voltage rating of 50 milli- 
volts and a current rating of 1. milliampere 


To find - the resistance of the shunt necessary to allow the instrument 
to measure 10 amperes 


Solution - Reh’ - —2™_ sss 2000 eg ee 005 ohms 
Ly e 10-.001 9.999 
A fuse is an overcurrent device with a circuit-opening fusible member directly | 
heated and destroyed by the passage of current through it. 


. The Multimeter, Fig. 1 


A, permanent-magnet moving-coil instrument is used in the Coyne Multimeter. This 

type of instrument is recognized as the best for all around accuracy and sensiti- 
vity. The multimeter will indicate the value of an a-c voltage; a direct current 
or voltage; or an ohmic resistance. © 


There are many other types of instruments and meters used for testing and checking 
electrical equipment. The electrician should analyze the scale and the operating 
limitations of any instrument he must use in his work, before trying to apply the 


instrument. : 
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The rating of the moving element of this instrument - 
Resistance equals 50 ohms 

Current (for full scale deflection) equals 1 milliampere 
and therefore - Voltage equals .0O01 x 50 equals .050 volts. 


This means that when 50 millivolts (.050 volts) is applied to the element a cur- 
rent of one milliampere (.001 ampere) will move through the element. Since the 
sensitivity of many instruments is given by "ohms per volt" (R/E), we could say 
this is a "1000 ohms per volt instrument". 


The above relations have nothing to do with an instrument's accuracy. It is impor- 
tant, however, on low current circuits to have an instrument with at least 1000 
ohms per volt. An instrument with low resistance per volt will draw too much cur- 
rent to operate the meter, thereby affecting the circuit under test. 


The accuracy of an instrument is a number or a quantity which defines its "limit 
of error." To understand this statement more clearly, perhaps, the following ex- 
ample is presented. 


Given - A voltmeter which reads 120 volts when the voltage applied to its termin- 
als is actually only 115 volts. 


Then error equals 120 - 115 equals 5 volts. 
Percentage of error equals 5/115 equals .043 or approximately 4 percent. 


The accuracy is given, by most manufacturers, at full scale deflection. The life 
of a Multimeter is dependent on the CARE given it. The two most probable sources 
of trouble are excessive currents and rough handling. 


A fuse may be used to protect the instrument against excessive currents; however, 
there is nothing mechanical being used to "free our minds" of our responsibility 
in handling the instrument. Respect for an instrument is usually developed 
through application. 


1. Construction and operation 
a. The multimeter, face fig. l. 


The scale of the Coyne Multimeter is used for indicating various factors 
when testing electrical equipment. The heavy lines on the scale are refer- 
red to as "divisions". The light lines are referred to as "subdivisions". 


All a-c volt ranges sre read direct on the red a-c scale, using the black - 
figures. 


When measuring an alternating voltage above 300 volts, the selector switch 
should be set in the 600 volt a-c position. The red scale is calibrated in 
six equal divisions. Each division represents 100 volts and is divided into 
ten sub-divisions. Each subdivision represents ten volts. 


When measuring an alternating voltage below 300 volts, set the selector 
switch in the 300 volt a-c position. This scale is calibrated in six equal 
divisions also, but each division now represents only 50 volts. Each div- 
ision is divided into ten subdivisions and each subdivision indicates five 
volts. 
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When measuring an alternating voltage below 150 volts, set the selector 
switch in the 150 volt a-c position. The red colored a-c scale is used with 
the black 0-150 figures. Each division will then represent 25 volts and 
each subdivision 2.5 volts. Example: The meter pointer points to four full . 
divisions plus 1 sub-division on the red-colored a-c scale. The actual vol- 
tage being measured would be 102.5 volts. 


When measuring an alternating voltage below 15 volts, set the selector 

switch in the 15 volt a-c position. The red a-c scale is used in conjunction 
with the black 0-150 volt figures divided by 10. Each division will then 
represent 2.5 volts. Each subdivision will represent 0.25 volts. 


b. All d-c volt ranges are read direct on the black d-c scale using the black 
figures. 


When measuring direct voltages, the black colored scale marked "DC" is used. 
The same calibration of the division and subdivisions are determined as 
stated in the above paragraphs for AC. 


When measuring direct voltages below 150 millivolts (.15 volts) the selector 
switch should be set in the 150 millivolt d-c position and the black 0-150 
scale used. Each division will represent 25 millivolts. Each subdivision 
indicates 2.5 millivolts (.0025 volts). — 


The same scale as stated in above paragraph is used for measuring from 0-150 
milliamperes. The scale is calibrated in the same manner and will indicate 
the electron flow in milliamps. 


c. "HI ohmmeter scale 


1. When measuring resistance not exceeding 100,000 ohms, set the selector 
switch to the "HI OEMS" position. The first division (reading from right 
to left) represents 500 ohms. Each subdivision is 50 ohms. 
2. The second division represents 500 ohms. Each subdivision is 100 ohms. 
3. The third division represents 1000 ohms. Each subdivision is 200 ohms. 
4. The fourth division represents 3000 ohms. Each subdivision is 500 ohms. 
5. The fifth division represents 5000 ohms. Each subdivision is 1000 ohms. 
6. The sixth division represents 40,000 ohms. Each subdivision is 10,000 
ohms. 
(. The seventh division represents 50,000 ohms. kach subdivision is 25,000 
ohms. 


dad. "LO" ohmmeter scale 
When measuring resistance not exceeding 1,000 ohms, set the selector switch 
to "LO OHMS" position. The division and subdivisions are calibrated accord- 
ingly with the zero to 1,000 ohm figures. 

e. Megohm scale 


To measure megohms, with this meter it is necessary to use a d-c source of 
supply of 500 volts. 


The selector switch should be SET ON THE 150 millivolts d-c position. 
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The instrument is then connected in series with the 500 volts d-c supply and 
the resistance to be measured. : 


The value of resistance will be indicated on the megohm scale. 


A properly constructed power supply, Fig. 3, will work nicely for the 500 
volt d-c supply. 


When using the "HI-OHM" and "LO-OHM" ranges touch meter leads together and 
using "ZERO-OHMS" selector, set the needle at zero ohms. 


The jacks are marked positive and negative. These polarity markings indi- 
cate the polarity of the instrument when using a d-c range. 


2. Circuit analysis 


The schematic diagram shown on job 2 illustrates how this type of meter move- 
ment can be made adaptable to different measurements of electricity. 


Switch 1, 2, and 3 are ganged. By rotating a single knob all three switches - 
move respectively. Switch pointers 1, 2, 3, 4, and 5 connect proper values of 
high resistance in series with the moving-coil so as to measure various ranges 
of d-c voltages. A voltmeter must be designed for connection across the termna 
inals of a circuit. Sufficient resistance therefore must be connected in ser- 
les with the coil movement to eee the current through the instrument e OR 


The moving coil, as previously stated, is wound with a very fine wire. It is 
not advisable to pass more than one milliampere through the Coyne Multi-meter 
moving coil. In order to measure 150 MA, switch position 6, this meter is so 
designed that only a fraction of the current to be measured passes through the 
moving coil. This is accomplished by means of a shunt "R-5", which consists 

of a conductor of relatively low resistance and of sufficient carrying capacity 
to pass the current to be measured without over-heating, connected parallel ~ 
with the moving coil circuit. 


The permanent magnet type of meter movement can also be used to measure resis- 
tance of a circuit. Fig. 2 illustrates a simple series ohmmeter circuit. 


Since a change in the resistance of a circuit will cause a change in the cur- 
rent through that circuit ( I equals E/R) it is possible to calibrate a moving- 
coil type of meter in terms of the resistance required to produce a given 
change in current indication. It must be understood all other circuit factors 
such as circuit voltage and resistance must remain constant. 


The circuit drawn in Fig. 2 illustrates the general components used to make a 
series ohmmeter. The total circuit resistance Rt would be 1500 ohms (a series 
circuit consisting of 475 plus 1000 plus 25 ohms). With the test prod points 
"A" and "B" connected together the 1.5 volt battery will force a current of 
.0O1 ampere to flow. (I equals E/R equals 1.5/1500 equals .001 ampere). Since 
a zero to one milliampere meter movement is used, the pointer will then deflect 
clock-wise to full scale. 
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By connecting the test prod across a known resistance "Rx" (1500 ohms) this resis- 
tance will be added to that of the total circuit resistance. Rt then will be in- 
creased to 3000 ohms. With the total circuit resistance increased, the current 
through this circuit will be reduced. Thus the meter pointer will not deflect to 
full scale. (I equals E/R equals 1.5/3000 equals 0.0005 amperes). The pointer 
will deflect only half a scale. This point can then be marked on the scale as 
1500 ohms. Having various accurate resistances connected across "A" and "B", an 
ohmmeter scale can be calibrated accordingly. 

Switch position 7 and 8 connect the proper values of resistance in series and in 
shunt with the multimeter coil movement for measuring "LO" resistance from 1 to 
1000 ohms and "HI" resistances from 1 to 100000 ohms. 


The ohmmeter circuit in Fig. 2 is suitable for measuring one range of resistance 
only. In order to measure a wide range of resistance with a single ohmmeter, 
shunts and multipliers are used to provide additional ranges. The Coyne multi- 
meter uses this type of arrangement, i.e., the shunt RO is employed for the 

low resistance range and R7 in series with R6 for the high resistance range. 


A single ohmmeter range which covers from zero to infinite resistance, is not prac- 
tical for measuring low resistances. The reason is that an extremely low resis- 
tance to be measured would cause such a very small change in pointer deflection 

(as compared with the ohmmeter test prods shorted) that no reasonably accurate 
reading could be obtained. 


For very high resistance measurements, the ohmmeter reading would be similarly in- 
accurate because it would differ so little from that obtained for an open circuit. 
The Coyne multimeter is most accurate near the center scale indication. The pur- 
pose of the shunt and multiplier arrangement employed for the ohmmeter circuit is 
to bring high and low values of resistance closer to the center scale indications, 
schematic diagram job number 2. 


One of the greatest errors in the proper use of the ohmmeter is the failure to 
"zero-center" the pointer before making a measurement. This error is especially 
noted when shifting from "HI" to "LO" scales. When testing circuits with the ohm- 
meter, use the range which will give nearest to mid-scale deflection. 


If a permanent magnet moving-coil type of meter were connected across an a-c cir- 
cuit, it would not deflect since the pointer would tend to move in opposite dir- 
ections, for each successive reversal of the alternating voltage. Therefore, 
switch position 9, 10, 11, and 12 connect two copper oxide rectifiers, one in 
series and the other parallel with the meter coil movement. One rectifier passes 
the positive alternation of the a-c component being measured through the meter 
movement and the other rectifier by-passes the negative alternation of the a-c 
component being measured. The a-c scale is marked to indicate effective or RMS 
values as is customary with most types of a-c instruments. 
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Summarization 
Do not use the Coyne multimeter on voltages greater than 600 volts. 


The voltage to be measured may be greater than you suspect, when using the multi- 
meter use the higher voltage range first, test to determine approximate value, and 
then select the lowest scale that will cover the voltage indicated. 


If an external voltage is applied across the meter with the selector switch on the 
ohm position, the meter may be damaged. CHECK THE SELECTOR SWITCH. 


Be careful when using an instrument on circuits which contain capacitors. The 
capacitors could discharge through the instrument. CHECK THE CIRCUIT UNDER OBSER- 
VATION. 


Summary Questions 


1. What is a shunt? A Multiplier? A d'Arsonval instrument? 


2. Does the permanent-magnet moving-coil instrument compare favorably with other 
types in-so-far as the sensitivity is concerned? 


3. What is the rating of the moving element used in the Coyne Multi-meter? 


4, Is the "sensitivity" of an instrument and the "accuracy" of an instrument the 
same rating? 


When should the ZERO ohm selector be used? 
How is the megohm scale used? 


How is the zero adjuster used? Why? 


mo > oo 


. What type of rectifiers are used? Why? 


9. What do you believe to be the three most important precautions to be observed 
when using the miltimeter? 


10. Why is a rheostat used in a series ohmmeter circuit? 
11. Why is the ohm scale calibrated from right to left? 


12. If the meter is set to measure "HI" ohms and the pointer deflects three div- 


isions and three subdivisions what is the value of the resistance being mea- 
ured? 
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AUTOMOTIVE GENERATORS 


Objective 


To obtain information concerning the construction and operating principles of the two 
types of generators in common use. 


References 


Lesson Content 
A. Introduction 


The generator is a machine for converting mechanical energy (from the engine) into 
electrical energy. At present automotive generators are made for 6, 12, 24 and 32 
volts. The six volt type is employed by passenger cars and light trucks; the 
higher voltages are used on larger trucks and buses. | 


The purpose of the generator is to keep the battery in a charged condition by re- 
placing the energy consumed, by the cranking motoy in starting the engine. It also 
has to supply current for the ignition, lights, radio, heater, and other access- 
ories. 


A generator known as the third-brush generator was developed which has been the 
most popular for a number of years and is still found in many cars on the road to- 
day. 


Due to the heavy demands placed on the generator of the modern car with its seal- 
ed beam lights, radio, heater, defroster, solenoid controlled transmissions, and 
other accessories, a generator with a larger capacity than the third-brush type 
was necessary. The development was the straight two-brush shunt generator with 
both external current and voltage regulation. 


With an occasional cleaning (every 5,000 miles), new brushes, and new bearings 
when they become worn, the generator should last the life of the car. Sometimes 
however, due to regulator trouble or other electrical defects the generator may 
"burn-out." A new generator will cost from $12.00 to $20.00. It is not advisable 
for the small shop, except in emergencies, to try to rewind these armatures. 
Usually a trade-in allowance is permitted. Field coils may be purchased wound and 
ready for installation. 
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B. Construction and Operation 
1. Third-brush generator 


The third-brush generator is a shunt wound, direct current, self-excited gener- 
ator which receives its field current by means of a third brush which is con- 
nected nearer one main brush than to the other, Figs. 1, 2, 3, and 4. 


These generators are usually two-pole with a lap wound armature. The field 
windings and third brush are connected in series. 


When the armature windings are carrying current there is set up around them a 
strong magnetic flux which is at right angles to the magnetic field flux. This 
flux tends to distort the field flux and cause it to shift around the pole 
faces in the direction of rotation. This tends to weaken the field flux at one 
pole tip and strengthen it at the other. 


The third brush is placed in such a position on the commutator that it tends to 
decrease the field voltage and current when the generator speed increases; thus 
it prevents the armature voltage and current from rising above the limit for 
which it is set. This is due to the fact that the armature coils are generat- 
ing a voltage as they cut the field flux. 


If the field flux has been distorted only a little, the coils will generate a 
greater voltage before they are commutated by the third brush. This supplies 
a greater voltage to the field and increases the field strength so more lines 
of flux are cut and the armature will be generating maximum voltage. If the 
speed is increased, voltage and current will increase only up to a certain 
point. 


A slight increase in the armature current increases the field distortion, mov- 
ing the more dense field flux further toward the pole tips, Fig. 1. This weak- 
ens the field through which the coils are moving before they are commutated. 
Thus the voltage applied to the field coils is reduced, thereby cutting down 
the total generator field strength which in turn reduces the output. The charg- 
ing rate will decrease with an increase in speed above 1800 RPM. The maximum 
output of a third brush generator is usually 18 amperes at about 25 miles per 
hour. 


When no external regulation is used the maximum current output of the genera- 
tor will be governed by the setting of the third brush. When the third brush 
is shifted towards the closest main brush it will be moved into the more highly 
concentrated field flux. This will increase the field strength through which 
the armature moves, thereby increasing the generator output. | 


The voltage generated by the third brush generator will depend upon two things; 
the state of charge of the battery or battery Voltage, plus the voltage drop 
in the charging circuit. The Kg should not exceed .75 volts. A low battery 
may test 5.8 volts while a fully charged battery may go as high as 7.5 volts 
while still on the charging line. 


EXAMPLE: Generator E= Battery E plus Eg 


Generator E= (Battery low - 5.8 E plus .5 Eq - 6.3E 
Generator E= (Battery high) - 7.5 E Plus .5 Fg - 8E 
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A six volt generator is designed for a maximum voltage of 8.25 volts. From this 
we can see how important it is to keep all connections clean and tight and battery 
terminals from corroding. If a high resistance connection develops from loose 
connections or corroded battery leads, the Eg of the line will increase. The gen- 
erator will have to generate a higher voltage than that for which it 1 was designed 
and as a result will get hot and perhaps burn out the windings. 


This secede characteristic may be observed wien working job 3. 


The output of a third brush generator is controlled by one of the following 
methods. 


a. Adjustable third brush. 

- b. Adjustable third brush and two-charge regulator 
c. Adjustable third brush and vibrating voltage regulator 
d. Fixed third brush and eaneatree voltage regulator. 


2. Rotation and field ‘connection rules. 


a. All third a generators, two or four pole, should be driven in a direc- 
tion from the third brush towards the CLOSEST main brush, Fig. 5. 


b. The field of a two pole generator should be connected between the third 
brush and the main brush farthest from the third brush. If the main brush 
is grounded, one end of the field can also be grounded, Fig. 5. | 


c. The field of a four pole generator should be connected between the third 
brush and the closest main brush. If the closest main brush is grounded, 
one end of the field can also be grounded. Fig. 5. 


3. Straight shunt generator. 


Since 1940, most manufacturers have been using the straight two-brush shunt 
generator. 


The two-brush automobile generator is the same as the larger shunt generators, 
such as used in d-c power work. It is a self-excited field type, the field 
being connected in series with a regulator across the brushes, Fig. 7. 


In this type we have no third brush to regulate the field strength and regulate 
the current output. We must, therefore, use an external method of regulating 
the current output. Also, in order to safeguard the generator and electrical 
system from high voltage we use a voltage regulator. These regulators insert 
resistance into the field circuit thereby limiting the field strength which 
determines the output of the generators, Fig. 
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With this external regulation the generator will reach maximum current output 
at a lower speed and the charging rate will remain constant (maximum) even at 
high speeds, unlike the third brush type, Figs. 6 and 8. 


The maximum output for which the straight shunt generator is designed is from 
30 to 35 amperes. The voltage is the same as for the third brush generator. 


4, Reverse current relay. 


In both the third brush and the two-brush generators a reverse current relay, 
also known as a "cut-out" relay must be used, Fig. 4 and 7. In the older 
third brush types the reverse current relay was mounted on the frame of the 
generator. The newer types which use some form of external regulation will 
have the regulator and reverse current relay mounted on the same base to form 
a unit usually mounted on the fire wall back of the engine on the driver's 
side. 


The function of the reverse current relay is to automatically open and close 


the circuit between the generator and battery. It consists of an electro-magnet 
and a set of contacts. The electro-magnet consists of two windings as follows: 
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a. A current or series winding of a few turns of heavy wire connected in series 
with the output lead of the generator. 


b. A shunt or voltage winding of many turns of small wire connected across the 
generator, Figs. 4 & 7. 


The two windings are so arranged that when the generator is started the voltage 
generated will build up amagnetic field in the core. The current flows in the 
same direction in both windings. When the field of the electro-magnet has be- 
come strong enough, determined by a previous voltage setting, the armature will 
be attracted, thereby closing the contacts to the battery. With the contacts 
closed, current will flow through the series winding from generator to battery 
and charge the battery. When the engine is stopped or running too slow to gen- 
erate enough voltage to overcome battery voltage, the current will be forced in 
the opposite direction in the series winding, due to the higher battery voltage. 
This will neutralize the shunt winding magnetism and the contacts will open. 
This prevents the battery from discharging through the generator and trying to 
motorize the generator. The points are usually set tc close when the generator 
reaches between 6.4 to 7 volts and to open at a reverse current of .5 to 6 am- 
peres, depending on the type used. 


. Troubles and Maintenance 


The generator circuit consists of a generator, cutout, ammeter, battery, regulator, 
and the wires which connect these units together. So whenever the battery does 
not charge properly, the trouble may be in any of these devices or wires of this 
circuit. See Figures 4 & 7. 


The "trouble-shooting" on the charging circuit and testing procedure on the indiv- 
idual units will be covered in the following lesson No. }. 


. Summarization and Trends 


The third-brush generator is a good machine and gives little trouble, however, due 
to the greater load demands, a machine had to be developed that would develop more 
power. 


Two disadvantages of the third-brush generator use: 


a. Current output decreases with an increase in speed, i.e., an increase in speed 
above 35 to 40 miles per hour. 
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The third brush generator will actually supply more current to a fully charged 
battery than to one that is discharged. This is due to the fact that the ter- 
minal voltage will be higher on condition of a charged battery. 


NOTE: It is desirable that the battery be charged at a high rate when the battery 


charge is low and at a low rate, when the battery charge is high. 


The above disadvantages have been overcome by the use of the straight shunt type 
generator, however, we have had to add full "current-voltage" regulation. Shunt 
type generators are expected to replace the third-brush generator. Nevertheless, 
there are a great many third-brush generators being used in automobiles which are 
"on-the-road" today. As they are becoming older, more repairs are needed on this 
type. It is therefore, important that the man going into this work knows both 
types of generators. 


E. Summary Questions 


dis 


an 


VU 


LO. 


What is the most common voltage rating of an automotive generator? 


Are most third-brush generators two,or four pole machines? 


. Is the armature of a two-pole machine wound "lap" or "wave"? 


3 
4, 


What is the purpose of the third-brush in the third-brush generator? 


. What is a cut-out? 
. How may you increase or decrease the output of a third-brush generator? 


. Will the generator voltage always equal the sum of the battery voltage and the 


voltage drop on the line? 


. What is the maximum voltage rating of an automotive generator? 


. What advantages does the shunt generator have over the third-brush generator? 


Is the "cut-out" a regulator or is it a switch? How many windings does it have? 
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AUTOMOTIVE GENERATORS 


Objective 


des 
e. 


To learn "trouble-shooting" procedure on the charging system. 
To learn the testing procedure applied to the generator as a unit. 


References 


Lesson Content 


A. Troubles on Charging Systems. 


Some of the more common troubles encountered and their correction are as follows: 


Ls 


30 


If the generator does not charge at any speed it may be due to faults in the 
generator itself or to a defective cut-out or regulator, open circuits or 
grounds somewhere in the charging circuit, or defective drive where the genera- 
tor connects to the engine. 


A good place to start tracing the trouble is at the cut-out or regulator. Re- 
move the "Bat" (battery) wire from the cut-out or regulator and touch it to the 
car frame or engine. If a flash results there is no break or opening’‘in the 
charging circuit, but if no flash is obtained the circuit should be checked for 
loose or broken wires. 


. lf the circuit is 0.K. start the engine and remove the cut-out or regulator 


cover, and see if the contacts of the cut-out close when the engine is accel- 
erated. If they do not, close them by hand and if the generator then charges 
the battery the cut-out is defective. 


Quite often the shunt winding of the cut-out will be found to be burned out and 
in this case the cut-out should be replaced with a new one. 


. If with the engine running at moderate speed the generator does not charge, 


after the cut-out contacts are closed by hand, remove the cut-out from the cir- 
cuit and connect the generator directly to the battery. If the generator now 
charges there must be a ground in the cut-out and this unit should be replaced 
or repaired. 


Sometimes the cut-out contacts may be found burned or dirty so that they do not 
close the charging circuit to the battery. In this case the contacts should be 
carefully cleaned with "00" sandpaper. 


A defective field protection device may also prevent the generator from charg- 
ing. If a fuse is used for this protection see whether or not it is blown; if 
not, see that it is making good contact with the fuse clips. 


If the generator is equipped with a thermostat, examine this device carefully 


for dirty or pitted contacts or a bent spring blade. If the thermostat is de- 
fective it should be removed, and carefully tested. 
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If the generator charges, but at a very low rate, it may be due to a loose 
drive belt, poor brush contact, high resistance in the field circuit because of 
loose or dirty connections, improper setting of the third brush, or a partial 
short circuit in the winding. 


If the generator charges at too high a rate when the car is operating at high 


speed the cause may be a grounded third brush or in case the generator has 


been recently repaired, the field leads may have been connected wrong. Where 
one end of the field is connected to the ungrounded main brush, the grounding 
of the third brush will cause the generator to operate as a straight shunt- 
wound machine and the regulating action of the third brush is eliminated. 


If the generator charges when the car operates at low speeds but the charging 
current falls to zero at high speed, this is usually the result of poor brush 
contact which may be caused by burned or glazed commutator surface, commutator 
out of round, high mica, loose bearings allowing the commutator to vibrate, 
weak brush-spring tension, worn or dirty brushes, or brushes stuck in the hold- 
ers. | 


If the commutator is out of round or has a very rough surface it should be turn- 
ed down in a lathe and the mica should then be carefully under-cut. The brush- 
es should be sanded in. 


Be careful to see that the brush springs are at the i tension aa that the 
brushes do not stick in the holders. 


If the generator overheats badly it may be due to shorted armature coils, or to 
the armature laminations having been burred together by rubbing on the pole 
faces, or by rough handling while being repaired. 


A loose connection in the charging circuit will cause high field voltage and 
will result in the generator overheating. Wrong setting of the third brush 
which allows an excessive charging rate may be another cause of overheating. 


If the generator voltage is too high and causes the lights to flare or burn 
out this is generally due to loose or dirty connections in the charging circuit. 
High resistance in this circuit prevents the normal flow of current through the 
armature of the generator and thereby prevents field distortion and the voltage 
regulating action of the third brush. So an open circuit or loose connection 
at the battery, ammeter, or anywhere in the generating circuit will cause ex- 
cessive voltage and may result in a burned out field winding if it is not 
quickly corrected. In such cases all connections should be carefully cleaned 
and tightened. The resistance of the charging circuit should not exceed .O4 
ohms. 


Squealing generator brushes may be remedied by cleaning the commutator and 
sanding off the faces of the brushes, or in case squealing is caused by hard 
brushes the brushes may be restored by boiling them for a few minutes in par- 
affin wax. If the trouble cannot be corrected in this manner the brushes should 
be replaced with new ones, recommended by the manufacturer. 


The mica should be undercut 1/64 to 1/32 of an inch. The armature end play 
should be 1/32 to 3/64 of an inch. The grade of brushes and the spring tension 
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Since the automotive generator is a d-c machine the testing procedures, which were 
introduced in the d-c department, may be employed. 


The following is a procedure that could be followed in the shop: 


1. Make a "free-run" test. 


fa 


A free-run test is one where six volts is applied to the generator. The gener- 
ator should motorize. The armature should rotate from the third brush toward 
the nearest main brush. If the armature does not rotate in the proper direction, 
the field leads must be inter-changed. 


If the armature locks when ‘six volts is applied, the indication is that there 
are either worn bearings or a bent shaft, usually worn bearings. 


Dis-assemble. 


aoeoewopm 


Remove the cover band. 

Lift the brushes off of the commutator. 
Remove the end plate at the commutator end. 
Remove the armature. 


Notice the position of the brush holders on the end plate. If the generator is 
a two-pole machine, the brush holders for the main brushes will be displaced 
180 degrees and, if from a four-pole machine, 90 degrees. 


The armatures of all two-pole generators are lap wound. The armatures of most 
four-pole generators are wave wound. 


Notice how the field leads are connected. 


. Testing procedures on field windings. 


a. Tests for opens. 


A continuity check should be made with the volt-ohmmeter, a test lamp or 
with a d-c voltmeter in series with a six-volt battery. There are many other 
methods which might be used. 


. Test for grounds. 


Disconnect the field lead which is connected to the frame. Use a 110 volt 
test lamp or the volt ohmmeter. Place one lead on the third brush and the 
other lead on the frame. No continuity will be found if there are no grounds. 


. Test for shorts. 


You may make this test by applying six volts to the field winding and check- 
ing the voltage drop across each field coil. See Figure #1. In a coil that 
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is partially shorted, the voltmeter will indicate a voltage which is less 
than the voltage reading across a good coil. 


4, Testing procedures on the armature. 

a. Test for shorts 
You may use a growler, figure #2, and a hack-saw blade. You may apply a low 
value d-c voltage to the commutator and check the voltage drop between ad- 
jacent commutator bars. If the latter method is used you should be sure to 
check the armature for opens first. This will prevent injury to the meter. 

b. Test for opens 
You may use a growler and a milli-voltmeter. Set the rheostat, which is 
in series with the meter, so that a half scale deflection is obtained on the 
meter when it is placed across a good coil. 
When an open coil is bridged it will read zero, or very nearly so. 

c. Test for grounds 
You may use the volt ohmmeter or a 110 volt test lamp. In either case place 


one test lead on the commutator segment and the other lead on the iron lam- 
inations or the shaft. 


5. Test the brush holders for grounds. There should be one grounded and one un- 


grounded brush holder. The third-brush holder should never be grounded. 


Check commutator, brushes and bearings. 


6. Reassemble the generator. 


Rotation and field connection rules; All third brush generators, two or four 
pole, should be driven from the third brush towards the CLOSEST main brush. 


The field of a two pole generator should be connected between the third brush 
and the FARTHEST main brush. If the farthest main brush is grounded, one end of 
the field can also be grounded. (See Figure 3A, 3B and 3C). 


The field of a four pole generator should be connected between the third brush 
and the CLOSEST main brush. If the closest main brush is grounded, one end of 
the field can also be grounded. (See figure 3D and 3E). 


7. Testing after assembly. 


a. After assembling a two or four pole generator according to field connection 
rules, connect it across a six volt battery and run it as a motor, and note 
direction of armature rotation. Armature should rotate from the third brush . 
toward the closest main brush, which is the same direction that it will be 
driven as a generator. If armature rotates in the wrong direction, dicon- 
nect and reverse field leads. (No attention need be paid to the battery pol- 
arity). 
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b. Place the generator in a test stand. 
CAUTION: Be sure the generator is clamped in the test stand securely. 


c. Apply voltage and measure the free-run current. The free-run current should 
be somewhere between four and nine amperes. 


d. Make output tests. 
A test stand provides means whereby the generator can be driven at different 


speeds and its current output measured at the different speeds. These tests 
can be made with the third brush advanced or retarded. Refer to Job #4. 


Summarization 


The automotive generator supplies DC. 


FWD PH 


Check commutation - commutator, brushes, and brush rigging. 


Check for worn bearings. 
Check armature for opens, shorts and grounds. 


Check field for opens, shorts, and grounds. 


The above checks may be applied to any d-c machine. 
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. What is a "free-run" test? % Eh ee 


. Summary Questions 


If you found that the shunt winding of the cut-out was burned out, what trouble 
would you look for? 


. How would you check a —— system which was HO, —e ae 


. On a "free-run" test, the armature "locks", what ra the geal dry Loot (2 cevgnns 


How would you check the field windings for opens, acai, and grounds? - te Law 
Lge Aa 
How would you check the armature for opens, shorts and grounds? -”* sitiatihdl 


Do you prefer the growler system of bscdatapce =: an armature or the meter system? 
7. LAS 


How do you determine a ween heatinet ae eee ae ee ~ o> Lat fh 0% 


How do you determine a bent armature shaft? 


. How would you "seat" a brush? 
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STARTING MOTORS 


Objective 


1. To learn how to test various starting motors, for troubles most frequently en- 
countered. 


2. To learn how to repair defective starting motors by application of knowledge 
gained from shop experience and job procedure as outlined in this manual. 


References 


A. Introduction 


When the idea of using an electric motor to crank the automobile was first consid- 
ered, it was called ridiculous. Many difficulties had to be overcome, chief of 

which was engaging and disengagement of starting motor to the engine. Early auto- 
mobile manufacturers utilized a combination starter-motor generator using a chain 
drive to connect the engine to the electric motor which was used in starting. The 
same unit was used as a generator after the engine was running. Another manufac- 
turer used the starter-generator combination connected directly to the crankshaft. 


Early attempts to use gears on the starting motor resulted in failure due to the 
difficulty of disengaging the starting motor once the engine started. Assuming a 
gear ratio of 10 gear teeth on the engine flywheel to one on the starter pinion, 
as the starter speed reached a speed of 1000 RPM the engine speed would be 100. 
As soon as the engine speed came up to 1000, the starter motor would be driven at 
a speed of 10,000 RPM. Such speed was usually destructive to the starting motor. 


These difficulties were later overcome in two ways. One method developed was the 
Bendix drive, named after its inventor, Vincent Bendix, and the other method was 
the manual pinion shift. Both methods are used today. 


The ability of the series motor to develop high starting torque and carry a heavy 
overload for short periods of time, along with a successful method of engaging and 
disengaging of the starting motor drive, has resulted in one of the greatest con- 
veniences provided by electricity in the modern automobile. 


The life of the starting motor when properly maintained is as long as the life of 

the automobile. Proper maintenance is required for efficient operation. The start- 
ing motor is operated on DC. Intelligent application of laws and characteristics 

of d-c series motors will be useful in maintaining an efficient starting motor for 
the full life of the automobile. 
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High starting torque is required by the starting motor to turn over an automobile 
engine. For this reason the series motor is used. The torque of a series motor 
varies as the square of the current which means that 100 amperes will develop 4 
times as much torque as 50 amperes will develop. 


The modern starting motor armature is wave wound because of greater mechanical 
strength that may be obtained. A heavy copper strap approximately 1/8" x 1/4" is 
used for, the armature conductors. Even torque is obtained by use of four poles 
instead of 2 poles. 


Brushes and brush rigging are more sturdily constructed in starting motors than in 
the average series motor. They must be able to withstand the high currents drawn 
by the motor in the process of starting. Usually four copper brushes are used, each 
spaced 90 degrees apart, with opposite brushes contacting points or equal poten- 
tial. 


The end plates support the sleeve type bearings. Different manufacturers use var- 
ious designs for end plate construction. 


Field windings are wound with heavy conductors. A variety of starting motor field 
connections are used. Field pole coils may be connected in series. The four pole 
salient type field usually uses two windings in series and in parallel with the 
remaining two in series. An equalizer connection, connecting the points of equal 
potential together, may. or may not be used. Occasionally a starting motor using 
all fields in parallel may be encountered, although this is the exception rather 
than the rule. Consequent pole starters with two wound poles and two consequent 
poles are used quite extensively. See Fig. 3. 


Rules and laws for d-c series motors apply to the starting motor because it is 
basically a series motor designed to carry a tremendous overload for a short per- 
iod of time. To be able to accomplish this, certain changes were necessary. Dif- 
ficulties are encountered in starting motors that are not usually found in other 
d-c machines. 


Two methods of connecting the starting motor to the engine are in use on the mod- 
ern automobile. These are the manual pinion shift and the Bendix drive. 


The Bendix drive, Fig. 2 and 4 uses an outside threaded sleeve that fits loosely 
over the armature shaft. An inside threaded geared pinion fits over the threaded: 
sleeve. Thus the pinion is allowed to rotate with and travel over the threaded 
sleeve. The sleeve is coupled to the armature shaft by a spring known as the 
starter spring. | 


Rotation of the armature shaft causes the sleeve and pinion to turn together. In- 
ertia of the pinion causes a screw action of the pinion along the threaded sleeve, 
allowing the pinion to mesh with the flywheel teeth. A stop on the sleeve prevents 
the pinion from traveling too far. 


When the engine starts, the faster rotation of the engine causes the pinion to 
slide back toward the armature end and to be engaged by a locking device in the re- 
cess of the sleeve. The pinion is so designed that it is heavier on one side than 
the other. This prevents the pinion from accidentally becoming engaged with the 
flywheel teeth due to vibration. 
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A loose fit of teeth and pinion is desirable. 1/64" x 1/32" clearance is consid 
ered to be correct. Chamfoering of teeth on both flywheel and pinion permits suc- 
cessful engagement. 


A ball plunger inside the pinion, held by a spring fits a recess in the sleeve. 

This recess is the armature end of the shaft. This is the recess mentioned pre- 
viously that prevents the pinion from accidentally becoming engaged when the start- 
er is not in operation. 


The pinion shift method of engaging and disengaging of the starter drive, employs 
the over-running clutch pinion. Manual or solenoid action may be employed to oper- 
ate the starting motor and starter drive. Pressure of the starting arm causes the 
pinion to engage the flywheel teeth. Further pressure closes the starting switch, 
thereby energizing the starter motor. In case the gears are not properly aligned, 
when the starter switch closes, a compression spring permits the pinion to snap 
into mesh the instant the starting motor turns far enough to permit engagement. 


The over-running clutch consists of a central portion loosely splined to the arma- 
ture shaft so that lateral movement is possible. 


The outer housing covers the central portion with the pinion machined on the clos- 
ed end. Recesses are machined in the central portion with a deeper cut slanted in 
the direction of starter rotation. Rollers are used to jam the central portion of 
the clutch to the outer housing. Springs hold the rollers in the starting posi- 
tion. If the pinion and outer housing rotate faster than the central portion, the 
rollers work back to the wider spaces thereby allowing clutch action, and the pin- 
ion will rotate independent of armature speed. 


. Troubles and Maintenance 


Troubles in the starting motor are troubles common to any d-c type motor. These 
troubles consist mainly of troubles with brushes, bearings and commutator. The 
motor is designed to carry heavy currents, so troubles caused by opens are usual- 
ly the exception. 


A periodic inspection of starting motors such as a 5000 and 25,000 mile check in 
the form of preventative maintenance is advisable. 


1. The 5000 mile check 


The 5000 mile check includes wiring check, commutator check, brush and rigging 
check, bearing check, and lubrication check. The 5000 mile check is more vis- 
ual than electrical and can give indication of troubles that may be developing. 


The wiring check is a visual check of insulation. The commutator should be in- 
spected for high mica, burned or pitted bars and dirty bars. Undercutting of 
mica should be unnecessary due to the type of brushes and grade of mica used. 
Brushes should be checked for size and fit, condition of brush and spring ten- 
Sion. Make certain the brush rides properly in the holder. Bearings should be 
checked for wear and lubrication. 
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Fig. 1 - A common type automobile starting motor 
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Fig. 2 - A disassembled view of a starting motor. 
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The 5000 mile check may be made without completely disassembling the motor. Re- 
moval from the automobile is recommended, however, and a much better job can be 
done if the motor is completely torn down. ) 


. The 25,000 mile check 


In making the 25,000 mile check, the starting motor should be removed and com- 
pletely disassembled. The inspection should be both visual and dynamic. Check 


starter drive, bearings, insulation, armature and field, brushes, and brush 


rigging. 


The starter drive should be checked for wear. Note the condition of the spring 


pinion, sleeve, holding bolts, etc. Any defective parts should be replaced. 


Bearings should be checked for wear. There should be no noticeable radial 
movement of the armature shaft. Note the condition of and amount of lubricant. 
Dry bearings can cause noticeable lag in starter operation. 


Test the armature for opens, shorts, and grounds. As previously stated opens 
of the winding seldom occur because the conductor is of heavy material designed 
to carry the high currents required for starter operation. 


High resistance connections may exist on risers and cause defective operation. 
High resistance connections cause low power even when everything seems to test 
all right. Visual inspection should indicate whether the solder has been melt- 
ed and thrown off due to excessive starter operation. Such connections may be 
resoldered by using a carbon rod and a storage battery. Care should be taken 
to avoid shorting out adjacent commutator bars during this operation. 


Contrary to popular opinion, a growler tests may fail to indicate high resis- 
tance at riser connections. The voltage drop test is recommended. Apply d-c 
to the commutator and measure the voltage drop fram bar to bar. 


Shorted coils in the armature winding are seldom encountered due to the heavy 
insulation used in construction. However, if the armature has been subjected 
to considerable mis-handling such possibilities do exist. Visual inspection 
will usually locate such troubles. 


The field should be checked for opens, shorts, and grounds. Visual inspection 
of the insulation will usually indicate the condition of the field in regard 
to shorts. Again the possibility of open windings are few. 


If the field insulation shows indication of improper handling, there is always 
a chance that turns may be shorted out. The 110V test lamp should be used 
when testing for grounds. Place one prod on the conductor and the other on the - 
frame. A grounded field winding will cause the lamp to light. , 


Brushes should be checked for size and ability to slide freely in their respec- 


tive holders. Brush leads should be inspected to determine their ability to 
carry the current required. Note the position the brushes ride the commutator. 
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Brush rigging should be tested for the condition of brush holders. Bent spring 
holders can cause improper brush action resulting in poor commutation. Spring 
tension varies but the average tension is from 42 - 57 oz. Correct tension data 
may be obtained from the manufacturer or from a reliable starter data manual. 


‘ Testing 


After testing and reassembling, the starter motor should be placed in a test stand 
and given a "free run" test. This test consists of applying 6 volts from a stor- 
age battery. Cable conductors used in making starter tests should have minimum 
ohmic resistance so that the voltage drop will be negligible. A free run test is 
made with no load on the motor. . 


A starting motor on "free run" should draw from 40-70 amperes. Motor defects, how- 


ever, may cause much higher readings. For instance, the motor might draw from 
70-100 amperes. Such a motor might have dry bearings. Readings of 100-150 am- 
peres indicate worn bearings or a sprung armature shaft. If the motor were to draw 
over 300 amperes free run, there would be indications of shorts or grounds. 


If higher than normal readings exist, the cause should be established and the trou- 
ble corrected. When the motor is working properly and drawing normal free run cur- 
rent, it is ready to be given the "lock torque" test. 


Lock torque tests are made by attaching a le inch arm at right angles to the arma- 
ture shaft. Fasten the arm to the shaft so that any rotation of the shaft will 
cause the arm to move. The arm should not slip on the shaft. Attach a set of 
spring scales to the other end of the arm. Rotation of the armature will cause 
the arm of the shaft to bear down against the pull of the spring scales. Foot- 
pound torque of the starting motor may be obtained in this way. 12 to 16 foot 
pounds is a normal reading. 


CARE MUST BE TAKEN TO SEE THAT THE ROTATION OF THE ARMATURE IS IN SUCH A DIRECTION 
THAT IT PULLS AGAINST THE SPRING SCALES. DIRECTION OF ARMATURE ROTATION SHOULD BE 
NOTED DURING FREE RUN TESTS. SERIOUS ACCIDENTS MAY BE CAUSED IF THIS PRECAUTION 
IS NOT OBSERVED. 


Lock torque tests will determine the dynamic qualities of the motor. Currents of 
from 350 to 450 amperes may be drawn. Do not apply current longer than required 
to make the test. The normal cranking current is approximately 250 amperes. 


Many times it is desirable to make a preliminary test to determine why a starting 
motor does not operate properly. When the starting switch is closed the starting 
motor may not turn the engine the way it should. The trouble may or may not be 
in the starting motor. 
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Preliminary Tests 
Two preliminary tests that may be used are as follows: 
1. One test is made by turning on the lights and closing the starter switch. 


2. The second is made by use of a voltmeter placed with one lead on the starter 
terminals and the other on the frame. 


The first method consists of turning the head lights on and closing the starter 
switch. One of three conditions will exist. The lights may remain the same bright- 
ness, they may dim, or they may go out. 


If lights remain the same brightness, the indication is that an open exists in the 
starter circuit. Such trouble might be in the switch, brush leads, or in rare 
cases in open windings. If lights dim, but return to normal brilliancy, it indi- 
cates low battery charge or mechanical troubles in the starter or engine. If 
lights go out, it is likely that high resistance exists in the starter circuit, 

or a poor connection exists at battery terminals, such as corroded connections or 
an internal ground in starting motor. 


A second test useful in locating starter trouble is the voltmeter test from 
starter terminals to ground. Note the readings when the starter switch is closed. 
Normal reading would be about 5.5 volts. A reading of 3 volts indicates starter 
switch trouble caused by burned, corroded, or dirty switch contacts. Readings of 
4 to 4S volts could indicate cable trouble such as corroded battery terminal con- 
nections or corroded cable connections. If the voltmeter shows 4 volts when the 
starter switch is first closed, then goes up to around 5 volts, there is a possi- 
bility of bad bearings. If the voltage goes down napeelys there is an indication 
of a partially discharged battery. 


One test for low battery may be made by measuring the voltage across the various 
cells with the starter switch closed. A reading of at least 1.5v per cell should 
be obtained. A reversed reading would indicate a shorted cell. 

The above tests are not to be considered as conclusive. They do show what may be 
the trouble. Final conclusions should be made only after complete disassembly of 
the motor. Intelligent application of all laws learned in regard to d-c series 
motors are necessary to locate troubles in starting motors. 

Summary Questions 

1. Which type d-c motor is used as an automotive starting motor? 

2. What is the voltage rating of a starting motor? 

3. What are the two main types of drives used? 

4, What are the steps to be foklowed when making a 5,000 mile check? 

What are the steps to be followed when making a 25,000 mile check? 


How would you check the armature for opens, shorts, and grounds? 


How would you check the field for opens, shorts, and grounds? 


oOo a oF I 


What is a "free-run" test? How much current should the motor draw on a "free- 
run" test? 
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PUSH-BUTTON STATIONS 


Objective 


To review push-button switches and "stick" or "holding" circuits. 


References 


Lesson Content 


A. 


By 


yh 


The principles and procedures on the development of "stick" or "holding" circuits 
were studied in the Electrical Wiring department. The circuits were used on con- 
trollers in both the d-c and a-c departments. 

Push-button switches are used as master stations with a-< and d-c magnetic con- 
trollers, and as auxiliary control stations with magnetic and manual controllers, 
Being able to install and check these circuits is an important phase of the main- 
tenance man's work. 

Push-button switches may be divided into two classes, momentary and maintained. 


1. Momentary 


When using the momentary style the circuit is closed or broken only when the 
operator "presses the button." 


2. Maintained 


The maintained style holds the circuit open or closed like an ordinary knife 
switch. 


Any electrical circuit which controls any other circuit through a relay or an 


equivalent device is classed, by the National Electrical Code, as a remote con- 
trol circuit. 


Construction and Operation 
1. Push-button switches 


It has been mentioned that we are using the momentary type. The diagram for 
this switch is shown in Fig, 1. A photo of the switch appears in Fig. e. 


NOTE: The switch terminals are marked C]7 , Co, and C3. 
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When testing these switches to locate C1, Co and C3 you may use the following 
instructions: Using a test lamp or a volt-ohm-milliammeter. 


a. Determine Cod and C3. 
The terminal to which the test leads are not applied is Cj (open terminal). 


b. Now place one test lead on Cj] and the other test lead on one of the other 
terminals. 


c. Pysh down on both the "start" and "stop" buttons. 


d. If you obtain a light you have the test leads on Cy and Co . If you do not 
obtain continuity you have the test leads on Cj and C3. 


. The relay we are using is designed for 110 volt DC. It will not operate on an 


a-c circuit of the same voltage. When AC is applied to a coil, the coil de- 
velopes an opposition in excess of its ohmic resistance. This excess is called 
inductive reactance ( Xr, ). This increased opposition limits the current to 
such a low value that the ampere-turns (IN) are not sufficient to develop enough 
flux to attract the armature. | 


When testing a coil for continuity with a test lamp, it is very possible that 
the lamp will not "light-up" even though the coil is O.K. This is due to the 
high reactance of the coil when an a-c source is used. You could use a six 


volt d-c source in series with a voltmeter. In case a 110 volt d-c source is 


available, use the test lamp. You may use the volt-ohmmeter to test continuity. 


The holding circuit is a series connected circuit. 


C. Summary Questions 


16 
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. What are the two general types of push-buttons? pagcap Wer to GP URE 
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. Is a "holding" circuit a series circuit, or is it a parallel circuit? 
. Do you believe it is possible to operate a d-c relay on a-c? Explain. 


. How would you test a Push-button station for proper identification of terminals? 
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. What is the meaning of the symbol "XU"? ~4-ductet | \400iir 4 £ MOS 
. What is inductance? - | Se tt AEE to, 
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Objectives 
ig 


e. 


REFRIGERATOR CONTROLS & ELECTRICAL CIRCUITS 


To obtain information concerning the operating principle of controls used in 
refrigeration. | 


To study the electrical wiring system used on typical refrigeration installa- 
tions. 


References 


Lesson Content 


A. Introduction 


Ll. 


Refrigerator controls are used to automatically start and stop the motor which 
drives the compressor. 


At a pre-determined temperature the control will close the circuit to the motor. 


When the refrigerator has been cooled sufficiently the control will open the 
circuit which in turn stops the motor. This cycle repeats itself continually 
and maintains a temperature somewhere between the cutting in point and the cut- 
ting out point of the control. 


Refrigerator controls are rated in horse-power. Besides having a horse-power 
rating there is usually a temperature rating which gives the lowest and highest 
setting which can be obtained with the control. 


. The price of the controls varies depending on the size and type, but usually 
‘the price range will be between $5.00 and $10.00. 3 


B. Construction and Operation 
There are two general types of controls - low pressure and thermostatic 


1. The low pressure control operates on, and is directly connected to the low 


pressure side of the refrigeration system. The connection is a short piece of 


tubing connected by a tee into the suction line or by a fitting to the compres- 
sor. The control is actuated by the pressure in the suction side of the system. 


Thermostatic control is the one most commonly used in household cabinets. This 


control has a bulb and capillary tube which furnishes the pressure for operating 


the bellows. The bulb is usually fastened directly to the low side in such a 
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manner that it has very good thermal contact between the surface of the bulb 
and the low side surface. As the temperature of the low side increases, the 
temperature of the bulb increases accordingly, thereby causing a pressure in 
the bulb and capillary line and then in the bellows operating the switch mech- 
anism, causing the switch to close. 


4h. Electrical circuits 


The electrical circuit is usually a very simple system. A typical example of 
the simplicity of these systems can be seen from Fig. 1 which shows a Grunow 
wiring system on the J, K & M models. This diagram shows a common type magne- 
tic relay in the motor. 


Fig. 2 shows the same relay as used on the Grunow J, K & M models except that 
an auto-transformer is added to the connection. A description of the autotrans- 
former and its purpose is given in paragraph 2 under installation. This connec- 
tion is used by the Grunow C, D, H, R & W models. 


The thermal relay is another popular control. It is used, among others, by 
Coldspot & Norge For an example, of this type relay refer to Fig. 3. This re- 
lay is used for the same purpose as the magnetic relay, but the principle of 
operation is somewhat different. A thermal wire is connected in series with 
the running winding and the current through this alloy wire causes it to elong- 
ate and hold the starting contacts open after the motor has started. 


C. Installation -- auxiliaries - controls 
1. Motor 


The motor is necessary to drive the compressor. The open type motors used for 
this service are special refrigeration duty motors with electrical character- 

istics and mechanical features that give efficient, quiet, and dependable ser- 
vice 


The sealed type usually consists of ‘a stator, which is wound with a starting 
and running winding, pressed into a housing which attaches to the compressor 
body casting. The motor rotor is on the end of the crankshaft and the whole 
assembly is enclosed in a steel jacket or shell. The motor leads are brought 
to the outside through the shell and if a capacitor motor is used, attached 
onto the relay and capacitor. 


A wiring diagram of the terminal board showing how the leads are brought out 
from the stator winding is shown by Fig. 4. 


2. Transformer units 


Quite often the capacitor motor has a transformer housed in a metal box with 
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the condenser. The usual place in mounting is on top of the motor. The trans- 
former is used to give a better torque characteristic. 


When the electric circuit is closed a high voltage is supplied through the 
transformer. The high voltage increases the starting torque. This high voltage 
may either be to the starting winding only or to both the starting and running 
winding. When the motor has attained approximately three-fourths normal speed, 

a governor device goes into operation and opens a transfer switch contained in 
the motor proper. The transfer switch changes the leads and supplies the pro- 
per voltage for normal running conditions. 


The auto-transformer (Fig. 5) is a step-up transformer on both the starting and 
running connections, but the transformer in Fig. 6 is a step-up transformer on 
the starting connection and a step-down transformer on the running connection. 
These figures represent the approximate voltages in the unit when the motor is 
operating on the starting connection; when the motor is operating on the running 
connection, the voltages are somewhat less than half the values shown. 


Figure 7A shows a diagram of a motor using a transformer unit. The Fig. 7B. 
shows the connection to make for changing the direction of rotation. 


3. Overload protection 
There are three general types of overload protection. 


a. Ordinary fuse - an ordinary fuse is considered less desirable than other 
methods of overload protection. 


b. Fusetron - the Fusetron is considered a good method of protection. The 
fusetron is constructed so that it will stand a momentary overload such as 
the starting current, but it will blow if the overload is sustained for a 
period of time. 


c. Automatic reset- The automatic reset operates after an overload surge has 
passed. This is an advantage over the other method of overload protection. 


There are two general types of automatic reset devices. They are internal and 
external. The internal type is built into the motor by the manufacturer. The 
end bell must be removed in most designs, to make the unit accessible. The ex- 
ternal type may be mounted on the motor or at a point near the motor. 


Both units consist of a bi-metallic type of (warp) switch. 


The table on page 52 might be very convenient as a guide to the approximate size 
of protection unit necessary for refrigeration motors. 
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; Alternating Fusetron or Auto- Switch Minimum 
| Current Motor Fustat, amp- matic Size Wire 
ere rating Reset Size 
Single-phase H.P. Amp. Heavy Code Ampere Amperes Rubber 
Rati Ser. Max. Rati Covered | 
110 volt 1/8 2.8 in 5 5 30 1 
1/6 3.3 45 5 5 30 14 
1/4 4.8 6.25 8 G.5 30 © 14 
2/3. . 5.0 6.25 8 10.0 30 Ly 
1/2 7.0 8.0 10 12.0 30 14 
3/4 9.4 12.0 12 30 14 
111.9 15.0 15 | 60 12 
220 volt 1/3. 2.5 36k 1.0 ‘4 30 en 
i a 4.0 SO 5 30 14 
3/4 4.7 6,25 6.25 6.5 30 14 
1» deo 6.25 8.0 LO, 0 30 14 
D Troubles - - Servicing 
The most probable sources of trouble are the motor, temperature control, and relay, 
if one is used. 
A few of the more frequent motor troubles are as follows: 
1. Failure to start 
a. Blown fuses on operation of overload device. 
b. No voltage or low voltage. 
c. Open circuit field. 
d. Improper current supply. Incorrect voltage or frequency. 
e. Condenser short circuit or open circuit. 
f. Improper line connection 
g. Excessive load. 
h. Shorted stator. 
2. Excessive bearing wear 
a. Belt tension too great, unbalanced or out of line coupling. 
b. Improper, unclean or insufficient oil. 
c. Dirty bearings. 
3. Motor runs hot. 
a. Bearing trouble (See 2 "b") _ 
b. Short circuited coils in stator 
c. Rotor rubbing stators. 
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d. Excessive load 

e. Low voltage 

f. High voltage 

g. Incorrect line connection to motor leads. 


4. Motor burns out. 


a. Frozen bearings 
b. Some condition of prolonged excessive overload. 


5. Motor is noisy 


Unbalanced rotor 

Worn bearings 

Switch rattles 

Excessive end-play 

Motor not firmly fastened down. 
Loose accessories on motor 

. Air-gap not uniform 

. Amplified motor noises. 


mR rho aAanwo Df 


E, Temperature Control 


It is difficult to describe control service except in a general way as there are 
so many different designs of contacts, adjusting points and special arrangements 
featured by the various manufacturers. Some controls are non-adjustable, some have 
sealed cases. 


The cleaning of burned, scorched or corroded contacts is a delicate operation and 
should be performed carefully. Never use emery cloth. Use a very fine grade of 
sandpaper and do not score the contacts. 


F, Starting Relay 
A starting relay may fail to operate if the relay coil is defective. 


The starting contacts sometimes become pitted and burned. Usuaully there is very 
little repair work done on a relay. 


NOTE: Experience has shown that the failure of a compressor to start may be caused 
by any one of the following parts being defective; starting relay, motor, 
capacitor, thermostat, or the pressure control. Therefore, before a caom- 
pressor itself can be claimed defective, all of the above ameaains | equip- 
ment should be checked. 
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G. Testing. See Fig. 4 


1. Unit not operating properly. if the unit is operating, but not operating pro- 
perly, the trouble would more than likely be traced to a defective refrigeration 
cycle. The refrigeration cycle will be covered in the Refrigeration Department. 


The parts of the electrical system which might be defective but still allow some 
operation of the unit: | 


Low voltage 

Poor contacts, either in the relay or the thermal control. 
Dry bearings in the motor 

Intermittent short. 


a Qo fm 


2. Unit will not start. 


Determine if the trouble is in the motor or in the auxiliaries and wiring to 
the motor. 


This can be done by plugging the unit service cord into supply receptacle. 
Listen for a hum in the motor. If you hear a hum, but the motor does not drive 


the compressor, there are two possibilities (1) A defective winding or (2) 
A defective relay. 


Disconnect the motor from the unit wiring system and apply rated voltage to the 
motor. If the motor properly drives the compressor the trouble will be found 
in the relay. 


If the motor does not operate - make a check on the motor for opens, shorts, 
and grounds. 


If you hear no hum on the original test, it might be an indication of a defec- 
tive (open) thermostat. It might be an open most any place in the line, for 
example, at the motor terminals. Make a motor check and then if necessary, 
check the wiring system & other controls. 

F, Summary Questions 


1. Why has the trend been toward capacitor motors in refrigerators in recent years? 


2. Why does the current decrease in a split-phase motor after the motor comes up 
to speed? 


3. Why are magnetic and thermal relays used with split-phase motors instead of a 
centrifugal switch? 


4, Why are fustats used instead of fuses in some cases? 
5. What is the purpose of the thermostat? 
6. What is the difference between a "sealed unit" and a "regular unit"? 


{. Why is a transformer unit used in some applications? 
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MOTOR STARTING ’CAPACITORS 
Objectives 
lL. To whens the split-phase type of single-phase motor to a capacitor-start type. 
2. Compare the torques of each type and measure the total current drawn by each. 


3. To learn construction and testing procedure on motor-starting capacitors, (Non- 
polarized dry type electrolytic). 


References 


Lesson Content 
A. Review 
1. Split-phase motor 
A split-phase motor is a single-phase induction motor equipped with an auxil- 
lary winding. This auxiliary winding is displaced in magnetic position compared 
to the main winding and it is connected in parallel with the main winding. 


Unless otherwise specified, the auxiliary circuit is assumed to open when the 
motor attains a predetermined speed. 


2. Capacitor motor 
A capacitor motor is a single-phase induction motor with a main winding arrang- 
ed for direct connection to a source of power, and auxiliary winding connected 
in series with a capacitor. ‘There are three types of capacitor motors. 
a. Capacitor-start motor 
b. Permanent-split capacitor motor 


c. Two-value capacitor motor 


The capacitor-start motor is a capacitor motor in which the capacitor phase is 
in the circuit only during the starting period. 


3. Capacitance (Capacity) 
Capacitance is that property of a system of conductors and dielectrics which 
permits the storage of electricity when a potential difference exists between 
the conductors. 


The unit of capacitance is the farad. 


When one coulomb of electricity is stored in a capacitor under a pressure of 
one volt the capacitance of the capacitor is one farad. 


1 micro-farad - one millionth of a farad 
1 micro-micro-farad = one millionth of a micro-farad 
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Capacitive Reactance (Xc) 


Capacitive reactance is the opposition offered to the flow of current through 
a capacitor (condenser). 


Xc a or Xc - 1 
2 77 FU 6.28 fC 


Capacitor (condenser) 


A capacitor is a device, the primary purpose of which is to introduce capaci- 
tance into an electric circuit. 


Capacitors are usually classified according to their dielectrics, as air capa- 
citors, mica capacitors, paper capacitors, etc. An exception - the electrolytic 
capacitor. 


The capacitance of a capacitor varies directly as the area of its Plates and in- 
versely as the thickness of its dielectric. 


The current through a purely capacitive circuit leads the applied voltage by 
90 electrical degrees. 


To determine the combined capacity in a series circuit we use the formula: 


ee See eee ee 
a +i1+t1 


CL Co C3 


To determine the combined capacity in a parallel circuit we use the formula: 
Cm = Cy +Uo~409 
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B. Application, Ratings, Cost and Life 
1. Electrolytic capacitor 
An electrolytic capacitor is a combination of two conductors, at least one of 
which is a valve metal, separated by an electrolyte, and between which a die- 
lectric film is formed adjacent to the surface of one or both of the conductors. 
NOTE: A valve metal is a metal which, when placed in contact with a solution, 
will allow current to flow more readily in one direction than in the 
other direction. 
It is possible to increase the starting torque or reduce the locked rotor cur- 
rent of a split-phase motor or both by connecting the proper capacitance in 


series with the "starting" or "auxiliary" winding. 


2, Electrolytic capacitor ratings and cost (round dry-type Electrolytic) 


MFD SIZE (inches) APPROXIMATE COST 
53-60 1-3/8 by 3-1/4 $1.05 
70-78 1-3/8 by 2-3/4 eet, 
75-84 1-3/8 by 3-1/4 1.40 
86-96 1-3/8 by 3-1/4 1515. 

108-120 1-3/8 by 3-1/4 1.25 
124-138 1-3/8 by 3-1/4 L.29 
145-162 1-3/8 by 3-1/4 1.50 
161-180 2 by 3-1/8 1.70 
216-240 2 by 3-1/4 SDS 
270-240 2 by 3-1/8 2.95 
320-360 2 by 3-1/8 3.55 
430-480 2 py 3-1/8 3.50 


Life of these capacitors is difficult to predict. However, keep in mind that an 
excessive voltage or high temperature will cause early break-down. 


The life of capacitors can be greatly increased by adhering to the following 


precautions. 

a. Voltage should not go above 138 volts for 110 volt capacitor. 

b. Frequency of starting periods should not be over twenty per hour. 
c. Duration of starting period not over three seconds. 

d. Temperature not over 130° Fahrenheit. 


Some electrolytic capacitors are made whose capacity rating is 20,000 mfd, about 
the size of an automobile battery, and above. Voltage ratings are as high as 
600 volts in the dry type, and up to approximately 500 volts maximum for wet 
type. When higher voltages are encountered, two or more units would be connec- 
ted in series inside one container, 
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C. Capacitor Construction and Operation 
1. Electrolytic capacitor 


When DC is applied to an electrolytic cell (aluminum electrodes and boric acid 
electrolyte) there will be an oxide film formed on the surface of the anode, 
Pama Ls 


The voltage of the d-c source is called "forming voltage" and its value deter- 
mines the thickness of the film. 


The oxide film is the dielectric. . 


One plate of the capacitor is the anode and the other plate is actually the 
electrolyte, the electrode not formed acts only as a connection between the ex- 
ternal circuit and the electrolyte. 


The above capacitor is a wet type polarized capacitor. It is used in d-c cir- 
cuits, which may or may not have an a-c camponent. | 


2. Motor-starting capacitor (dry electrolytic) 


The motor-starting capacitor is a non-polarized type of electrolytic capacitor, 
that is, both electrodes are "formed". Each film is fully effective only when 
sub jected to a positive potential. | 


The electrodes are constructed of an aluminum foil, approximately .0005 to .003 
of an inch in thickness. The electrodes are spaced about .001 and to .006 of 
an inch by paper spacers which absorb the electrolyte. The foil and spacers 
are "rolled" similar to a wax or oil-paper capacitor. 


The dielectric (oxide film) may be .0001 of an inch to .000001 of an inch in 
thickness. Its thickness will vary directly with forming voltage. 


The electrolyte is usually boric acid and sodium borate with possibly an anti- 
freeze added, such as glycerin or ethylene glycol. 


The container is usually made of aluminum or zinc and inserted in a cardboard 
or specially treated box which acts as insulation between the capacitor and 
frame of motor and thereby prevents grounds. If an electrolytic capacitor is 
subjected to an excessive voltage it gets hot, develops gas and will tend to 
explode. For this reason the container is provided with "vents". See Fig. 2. 
Some of these vents are nothing more than an indentation in the container. Some 
are pierced rubber membrances. 


3. Split-phase capacitor motor 
In most split-phase type of single-phase induction motors the phase displace- 
ment between the current in the "start" winding and the current in the "run" 


winding will be approximately 20 to 30 electrical degrees. 


The starting torque will vary directly as the sine of the angle between cur- 
rent through the start winding and current through the run winding. 
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It has been previously shown that the current through both the "start" winding and 
the "run" winding will lag the applied voltage. : 


It is possible, by placing capacitance in series in the "start" circuit, to make 
the current in the "start" circuit lead the applied voltage. This gives a larger 
angle of phase displacement between the current in the "start" and "run" windings, 
thereby obtaining greater "starting" torque, Fig. 3. 


eee 


. Capacitor Installation 


A round container can be purchased for about thirty to fifty cents in which the 
capacitor may be placed. This metal container is mounted on top of the motor. 


The capacitor should be insulated from the frame of the motor. This is usually 
accomplished by a cardboard tube which fits around the capacitor. 


NOTE: Before leaving an installation, see that starting period is not too long. 


. Troubles and maintenance 


The troubles which might develop in the motor have been previously listed and 
studied. ¢ 


Troubles pertaining to the capacitor are usually due to too high a voltage across 
the capacitor or long starting time. Troubles developed due to defective mater- 
ials in manufacture are rare but are possible. 


It is possible to make some repairs on defective capacitors; however, they are not 
usually checked or tested with that idea in mind. If they are found to be defective 
they are usually replaced. 


Testing 
1. Capacitor unit 


a. The testing of split-phase and capacitor-start motors has been covered in 
previous lessons. 

b. The tests applied to the capacitor should |determine if it is "shorted" 
"open" or "grounded" and a test to determine its capacitance in mfd. 

c. Leakage - the leakage test requires a d-c source. Practically, this test 
is not necessary for motor-starting capacitors. 

d. Power factor - since the capacity is much more critical than power factor, 
we will not consider it necessary for practical purposes, to measure power 
factor. 


By using your test lamp, Fig. 4, you can quickly test the capacitor for 
GROUNDS. Place one test lead on the can or container. Touch the other lead 
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to first one terminal, then the other, Fig. 5 the lamp SHOULD NOT light. 


e. Test for shorts and opens - remove the lamp from your test circuit and screw 
in a thirty-ampere fuse. Apply rated voltage to the capacitor, Fig. 6, for 
about one second. If the fuse "blows", the capacitor is shorted. If the fuse 
does not "blow", use an insulated conductor to discharge the capacitor. A 
"snappy" spark will be obtained if capacitor is not open. (Be sure the fuse 
is screwed tightly into the circuit receptacle.) To some extent, the above 
test is a test for "capacity" as well as "opens". A check for capacity can 
be obtained by using the circuit shown in Fig. 7. 


CAUTION: The capacity test is never made until it has been determined that 
the capacitor is not shorted. 


Apply the voltage for about three or four seconds, in any case just suffi- 
cient time to obtain readings. By use of the following equation the C may 
be approximately determined. 


C inmfd. = -2000 eT for 60 cycles only. 
The range of the voltmeter should be up to 150 volts. 
The range of the ammeter should be up to 25 amperes. 
Both of the above testing circuits could be combined as in Fig. 8. 


NOTE: Test circuit, Fig 7, can be simplified. The voltage is usually known. 
and fairly constant in a certain locality, therefore you could use the 
circuit shown in Fig. 9 and apply the following equation: 


Assume E to be 120 volts. C inmfd. = 2050 x I - 22! 
130 
A voltmeter, however, is so easily used, it is advisable to make use of fig. 
7. If some fault of supply were to be introduced it would be indicated im- 
mediately. 


2. Motor test 


To test the split-phase motor to convert it into a capacitor-start, you must 
have some method available to "lock the rotor" and measure the motor's start- 
ing torque, Fig. 10, 


Place the motor on the test stand. Apply rated voltage to the motor and check 
rotation before fastening torque arm to the shaft of the motor. 


Fig. 11 shows how a capacitor can be arranged for converting a split-phase 
motor. 


You will find that the capacity necessary for converting a split-phase type of 
motor to a capacitor-start type will be much higher than the capacity necessary 
for "splitting the phase" in a motor that is originally designed to work on a 
capacitor-start motor. 


The required capacity will be from 400 to 600 mfd. to convert a one-fourth horse- 


power split-phase motor, whereas it is only about 110 to 118 or 124 to 137 mfd. 
for a capacitor-start motor of same horse-power rating. See Chart - Fig. 12. 


~  TA-TeR-14.7 Coyne Electrical School 63 


Lesson No. 8 Testing & Repair 


G, 


64, 


Summarization and Trends 


The above job is practical. Although the cost of capacitors for a motor may run 
as high as five or six dollars, the cost is still below that of a new capacitor- 
start motor which would have the needed torque. 


Electrolytic capacitors have undergone breakdown tests and "held up" for fiftten 
minutes to two hours, depending upon design. If the designers continue to progress 
at the present rate it would seem that in the future they will have electrolytic 
capacitors operating continuously on a-c circuits. 


One outstanding field of application would be for power factor correction and since 
opportunities in this field are great, possibly millions of electrolytic capacitor 
installations would be the result. 


Their application in circuits for the by-passing of voltage surges would be another 
large field. 


CAUTION - Before leaving a capacitor-start motor installation: 


1. Check to make sure that Ec. is not above 138 volts for a 110 volt 

capacitor. On any other voltage rating, not above 110% of voltage 

rating. 

Check starting time. 

Check starts per hour 

Measure temperature of capacitor container 

Be sure capacitor is not grounded to frame 

. Always make sure on any installation that the equipment is not sub- 
jected to any operating conditions which are detrimental to normal 
operation. 


ONUI FW PO 


The opposition offered to the flow of current by a 100 mfd. capacitor is approxi- 
mately 25 ohms @ 60 cycles. 


Check:- Xc= ——_L___ = 1 = 1 = 26,5 
: DP fC 6. Dbx60x. 001 0377 a 


Since Xc is inversely proportional to C, the opposition offered by any value of 
C can be readily approximated. - 


EXAMPLE: - 200 mfd. = 12.5 ohms 
400 mfd. = 6 ohms 
50 mfd. = 50 ohms etc. 


Knowing values of Xc we can determine rating of fuse or ammeter for testing cir- 
cuits. 


For a 50 mfd. capacitor Xc= 50 ohms Ic = oo - = = 2.2 a, 


For a 500 mfd. capacitor (which is about maximum rating for motor-starting capaci- 
tors). 


Xc= 5 ohms te= Ee = LO = a0 a. 
Xc 5 
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H. Summary Questions 


Testing & Repair 


1. Why is increased starting torque obtained when placing capacitors in series 
with the "starting" winding of a split-phase motor? 


2. What is a Capacitor? Capacitive reactance? Capacitance? 


3. Explain testing procedure for finding "start" and "run" terminals on a split- 


phase motor. 


4, How would you test a capacitor for a short open ground, or capacitance? 


5. Is there any "good reasoning" behind selecting a 30 ampere fuse in the test 


Circuit? 
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RECONNECTING A THREE-PHASE STATOR 


Objectives 


1. To learn the development of a three-phase connection diagram. 
2. How to reconnect the stator for different voltages. 


References ° 


Lesson Content 
A. Review 
1. Every third coil-group MUST be connected in the same phase. 


NOTE: The above statement does not say if the coil-groups are to be connected 
in series or parallel. Hither type of connection may be used. 


B. Development of Connecting Diagram 


1. In lesson number 1, you were instructed on the procedure for winding and con- 
necting a three-phase stator. It was connected series-star. The diagram which 
was used to enable the winder to connect the coil-groups properly to form the 
phases was drawn like the Fig. l. 


Notice that the coil-groups are numbered. You can call any coil-group number 
one and continue clockwise or counter-clockwise and number the remaining groups. 
This diagram can be simplified as in Fig. 2. 


2. Hach heavy line is one coil-group. Let us call the left hand side of coil-group 
#1 the "top" lead of that coil-group. The top leads on all the coil-groups 
would correspond. 


The next step is to draw in the arrows on the coil-groups, indicating the dir- 
ection of current flow in the coil-groups. Notice that the arrows, on adjacent 
coil- groups, alternate in direction. If d-c current were sent through one phase. 
the adjacent coil-groups in the phase must set up different polarities. By 
applying the d-c potential in such a manner that all the start leads of the 
phases are positive, the polarities of the different coil groups would be as 
indicated by the direction of the arrows in the diagram. Visualizing the de- 
velopment of the stator diagram in the above manner will enable one to quickly 
place the arrows on the coil-groups. 
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Se ol actually winding the stator, we choose any top lead from any coil-group and 


call it the start lead of the first phase. We also call the coil-group, so sel- 
ected, number "one", 


. We may now complete the diagram by showing the jumper connections. There are 


two common methods of "connecting the coil-groups in series to form the phases". 
a. The "top-to-top" connection, also called the "short jumper" connection. 
b. The "top-to-bottom" connection, also called the "long jumper" connection. 


When using the top-to-top (T-T), for a straight series star or delta connection, 
adjacent coil-groups of the same phase are connected in series. When using the 
top-to-bottam connection, all the coil-groups of one phase which are in south 
poles are connected in series first and then all coil groups representing north 
poles are connected. The diagram is Fig. 3, when completed is for a top-to-top 
connection. 


The diagram in Fig. 4, when completed is for a top-to-bottom connection for one 
phase. The other phases would be connected in the same manner. 


Notice that a short jumper was used between groups 13 and 16 in the diagram in 
Fig.. 4. 


. Another type of diagram which is used to show the connections of the coil-groups 


to form phases is called the "straight-line" diagram. Complete Fig. 5. 


C, Changing Operating Voltage of Three-phase Machines 


68 


1. General 


a. Very often the maintenance man is confronted with the problem of changing 
the operating voltage of induction motors. This will permit them to be oper- 
ated on a different line voltage. This condition may arise whenthe motors 
are moved to a different locality where the original voltage is not economi- 
cally obtainable. | 


b. The voltage of any individual motor winding varies directly with the number 
of turns it has connected in series. Remembering the above simple rule will 
help solve many problems when making voltage changes on equipment. There 
are certain practical limits beyond which a change of voltage should not be 
carried. For example: A winding operating at 220 volts could be changed, 
possibly to operate on 2300 volts; however, the insulation could not with- 
stand the higher voltage. It is almost always permissible to reconnect a 
winding to operate on a lower voltage than that for which it was originally 
designed. When reconnecting a machine to increase its operating voltage, 
its insulation must always be checked, The usual ground test for the insul- 
ation of such equipment is to apply an a-c voltage of twice the machine's 
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C. 


rated voltage, plus one-thousand volts. This voltage should be applied from 
the winding to the frame for approximately one minute. 


When a winding is changed for a different voltage it should be arranged so 
that the voltage on each coil-group will remain unchanged. Complete Fig. 
6A and 6B. 


e. Effect on current when changing the voltage. 


os 


The above diagrams are, for a four-pole stator. In the series connection we 
have four coil-groups. Therefore the voltage applied to each coil-group will 
equal 220 «-=55V. In the two-series, two-parallel connection the voltage 


applied to each coil-group would be 110 = 55V. Therefore the same cur- 


rent would flow through each coil-group. Since there are two parallel paths, 
the total current through the phase would be two times the current through 
the series connection. 


. The rotating magnetic field will not be affected because the current through 


each coil-group is the same in both cases and the polarity of the coil-groups 
is the same. 


. When reconnecting poly-phase windings all phases must be connected for the 


same number of circuits and one should be extremely careful to avoid incor- 
rect polarities on the coil-groups. 


. Lt is common practice among most manufacturers to design machines that can 


readily be connected for either of two cammon voltages. This is accomplish- 
ed by a series or parallel arrangement which can be more easily understood 
by comparing figures 7 and 8 after completion. The diagrams are for a three- 
phase four-pole winding. 


Diagram 7 shows a connection diagram using the TT connection (short jumper). 
NOTE: Each loop in the simplified diagram of 7 represents one coil-group. 
Now check diagram 8. Notice that Fig. 7 has twice as many coil groups in 
series, between the terminal leads, as there are in the connection in Fig. 
8. This means that the diagram of figure 7 can withstand twice the voltage 
of diagram 8. 


. In any motor the horse-power depends on the number of watts which are devel- 


oped in its circuit. The watts will vary as the product of the current and 
the voltage. To maintain the same horsepower of a motor, at one-half its 
normal voltage, it will have to carry twice as many amperes. By comparing 
Fig. 7 and 8 we can see that this extra current can be carried by the wind- 
ings in Fig. 8. Because there are two parallel paths. This means there 

is twice the cross sectional area of copper in Fig. 8 as there is in Fig. 


74 


. If the number of poles in a machine is evenly divisible by "four" as, for 


example 4, 8 , 12 etc., the winding may be connected in four parallel paths 
as can be shown in Fig. 9. 
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By comparing Fig. 9 with the connections in Fig. we can see there are only. 
one-fourth the coil-groups in series as there were originally. Therefore 
the safe voltage to apply to the winding in 9 would be one-fourth the volt- 


age applied to the series connection. 


Before attempting to make such changes in connections, a check should be 

made to see if the winding can be connected for the desired number of cir- 
cuits. The rule: "The total number of poles must be evenly divisible by the 
number of circuits desired". 


There are some motors that have a sufficient number of leads coming from 
them that may be reconnected without disassembling the motor. These will 
be covered in a later lesson. 


\\ 


V2 


NK ——” 


z 


D. Questions 
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de 


Should every third coil-group or every fourth coil-group be connected in the 
Same phase? 


- In developing a connection diagram of a stator, why are the arrows placed on 


the coil-groups? 


. What are the two standard methods of connecting the coil-groups to form phases? 
- Is it practical to reconnect a winding for a different operating voltage? 


- Does the voltage of a winding vary directly with the number of turns.or the 


cross-sectional area of the copper? 
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RECONNECTING A STATOR FOR A DIFFERENT NUMBER OF POLES 


Ob jective 


To reconnect a stator to obtain a different speed. 


References: 


Lesson Content 


A. Procedure and Factors to be Checked 


| 


1. General 


Ae 


The primary purpose of any motor is to produce torque. When torque over- 


comes the inertia of the rotor a speed, measured in RPM, is developed. Con- | 
sequently work is done. The rate at which the work is done is called power, | 


(horsepower). 


groups, is not changed. The flux density in the air gap does not change, 


iN 


Lesson No. 10 


. When reconnecting a motor rok voltage changes, the current through the coil- 


therefore performance does not vary from one voltage connection to another. 


. Torque is developed due to a current through a conductor that is surrounde 


d 


by a magnetic field. Therefore the maximum torque of any motor is limited 


by the capacity of the conductors to carry current and the capacity of the 
iron to carry flux, without exceeding a safe value of temperature. The 


mechanical and electrical properties of copper and iron are available for 


2. Cho 


ae 
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the designer, allowing him to develop a motor to a point of maximum effi- 
ciency, to give most satisfactory performance. 


. Lt is advisable that when making changes in an induction motor, the change 


Should be made in such a manner that the current density and flux density 
will remain approximately the same. Consequently the torque will remain t 
same. Therefore the horsepower will vary with any change in speed, becaus 
_Es T x speed 


oe 


rding the winding 


To find the full pitch coil span in an a-c machine, we should divide the 
slots by the poles and add one, i.e. 


Full pitch coil span = Slots i os 
: poles 
If the above equation is used on a certain problem and the result is the 
number "ten" this would mean that one side of the coil would lie in slot 
"one" and the other side would lie in slot "ten" or the equivalent (4 to 1 
or 7 to 16). 


coils would be placed in slots which would represent a span less than full 
pitch. This would be called fractional pitch". It is also possible, on 
a hurry-up job,that you might have to use coils a little too large to be 
placed in slots equivalent to full pitch, and they would span a greater 
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. It is possible that the finished coils might be too small. In this case the 


1) 
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by 


number of slots than full-pitch span. When windings are placed in a machine 
in either manner mentioned above, they are called "Chorded windings". 


. The chord factor is the percentage of voltage generated in the coils as com- 


pared with 100% pitch. It is equal to the sine of one-half the angle, in 
electrical degrees, spanned by the coil". 


Chord factor = sine (P x 90°) 
where P = % of pitch and the % of pitch is found 


mew span in slots yx 100% = on y 100% 
full span in slots of 


NOTE: Span in slots for 100% coil span = S10ts, 
—_- poles 


To enable the student to determine the effect of a chorded winding on the 
voltage of a machine, a curve has been plotted, Fig. 1. This will save time 
and will be found a simple procedure. 


Example: <A three-phase, thirty-six slot stator is to be wound for six-poles. 


100% span = Siots 4, 1 - 36 1 = 
ye ED poles 6 r q 


Let us imagine that the coils are too small and would not cover such a span 
properly and it is necessary to "drop them back" two slots. What is the 
effect on voltage? 


# of pitch = SB X LOOM = 2 X 100% 


66.6% 


Refer to the chart and find 66.6% on "% of pitch side" and trace to curve. 
By referring to the other side of chart you can find the value of 87%. This 
means that the winding is good for only 87% of voltage that it would be good 
for if it was full pitch. 


Using the same stator and the same poles with a pitch from slot "one" to 
aiot “siz”. : 


x 100% = 83.34 (see chart) 


% of E generated = 96.5% 


a 


. There are several advantages to be gained by the use of chorded windings. 


Less copper, Fig. 2 Less end room, Fig. 2s 
Stronger winding, mechanically Improvement of operating conditions on 
several types of machines. 


The above list represents some of the advantages. You can use a fractional 
pitch down to 50% or a pitch greater than full pitch up to 150%, however, 
the overall efficiency of operation will be best if you do not go below 
66.6% pitch, two thirds pitch. 
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3. Changings poles 
a. Since - speed = a , The speed of an induction motor is inversely 
poles 


proportional to the number of poles, i.e., if the number of poles is doubled, 
the speed will decrease to one-half, and vice-versa. This statement per- 
tains to synchronous speed. 


b. Let us change a 6-pole, 3-phase, 36-slot, 60-cycle, 3-HP, 440 volt stator 
Fig. 3 to a four pole stator, Fig. }. 


Originally the speed = a - _60x120 ~.- 1200 RPM 
———— 
Speed at 4-poles = 0x 120 1800 RPM 
Check peripheral speed = W7D_speed # = 3.1416 
12 D = diameter of rotor in inches 


Speed is measured in RPM 


Peripheral speed should not be over 7500-8000 ft. per minute. 


Coils per coil-group - ———Siots ss = 36 = 3 


poles x phase nm x 3 


Any time the number of poles is changed in any machine, the coils have to be 
re-grouped. 


Check phase insulation. 


Assuming the same flux in the air gap, we will solve for new voltage. 
6 


En . Speed n transposing, En = Speed n x Eo- 


Saeed 6 Speed o 


_1800 x 440 8. 660 volts. 
1200 


NOTE: the coil span is no longer 10 100 


Substituting: En = 


100% span for four poles = 36 plus 1 = 10. but the coils in the stator only 


have a span of 7. The span in slots is "six" and for 100% pitch it should 
be "nine". 


Therefore, % of pitch = =n x 1008 = 6 x 100% = 66.6%. 
’ 


Check the chart, Fig. 1. The percent of voltage equals 87%. 
Proper voltage to be applied to the motor = .87 x 660 = 574.2 volts. 


574.2 volts is not a standard voltage, however, let us assume that we do 
have a tap on a transformer to obtain this voltage. The motor will now 
operate at same Flux density in the air gap and will therefore develop approx- 
imately the same torque. The horsepower will be greater, because - HP = 
T x speed . 

Jee 
The torque value has not changed,but, the value of speed in the above equa- 
tion has increased and therefore the horsepower increases. Expressed math- 
matically - 
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HP " Speed, transposing HPo= HP x Speedo 
HP5 Speedo Speed, 
HP5= 3x 1800s = -~-4..5 horsepower 
1200 


It would be advisable to change the chord of the winding so the motor could 
operate properly on 550 volts, which is a standard voltage. If this was not 
possible, you could vary the number of turns in series, in the motor, for 
the voltage change necessary. 


It is not advisable to change most motors from a hig: wumber of poles to a 
lower number, due to increase in flux density in the stator yoke, however, 
it is usually permissable to change to a higher number of poles. 


B. Troubles. 
1. Wrong connection when regrouping coils. 
2. Too high peripheral speed. 
3. Mistakes in calculations. 
4, Machine operates hot due to too high flux density in the stator yoke. 
5. Watch insulation on any voltage changes from a low value to a higher value. 
C. Testing and Repair 
1. After completing the winding, follow the same test procedure which was present- 
ed in lesson number l. | 
2. Watch carefully when making the installation. Check the temperature rise under 
operating conditions. 
3. The maintenance on a reconnected machine is the same as applied to any induc- 
tion motor, lesson No. l. 
D. Summary Questions 
1. Does the synchronous speed of an induction motor vary directly with the fre- 
quency of the applied voltage? 
2. If you regroup the coils in a motor, for a lower number of poles, the frequency 
increases. True or False. 
3. If you regroup the coils in a motor for a higher number of poles, the speed will 
increase. True or False. 
4, Would you be correct in saying "the torque is a result of horsepower", or would 
you be correct in saying "the horsepower is a result of torque?” 
5. What causes a torque to be developed? 
6. What is "chord factor"? | 
7. Will a decrease in chord factor, decrease the voltage rating of a machine? 
80 
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THREE-PHASE MOTORS WITH NINE LEADS OR DUAL VOLTAGE-THREE-PHASE MOTORS 


Objective 


To learn how to identify the leads of a nine lead motor and make proper connections 
if the identifying tags have been lost. 


References: 
Lesson Content 


NOTE: The 9 lead motor is a dual voltage motor making it possible to operate the 
motor on either of two voltages without disassembling the motor. The most 
common operating voltages are 440 and 220V. 


A. Types of Connections - Star and Delta 


When completed, Fig. 1 will show a nine-lead stator winding connected star. 

When completed, Fig. 2 will show a four-pole, three-phase, nine-lead stator wind- 
ing connected delta. 

Fig. 3 shows a symbol diagram of the star connection with the two possible voltage 
connections and numbering system used. 

Fig. 4 shows a symbol diagram of the delta connection with the two possible volt- 
age connections and numbering system used. 


B. Star or Delta: 
We must first determine whether the motor is connected star or delta. 


On reference to Figs. 3 and 4 it will be found that the star connected motor will 
have four separate circuits. The delta will have only three separate circuits. 


You could use a multimeter, or a test lamp, and by checking between the leads, for 
continuity, determine whether the motor is connected star or delta. 


C. Testing and Identifying the Leads on a Star-connected Nine-lead Motor, Fig. 1 & 3. 


1. Find the three leads between which continuity may be obtained (use a test lamp 
or make a continuity test with a meter). Tag these leads permanently, 7-8-9. 


2. Find the other three circuits and tag them temporarily - 1-4, 2-5, and 3-6. 


3. Apply the lowest name plate voltage to leads 7-8-9 and operate the motor ~ x13 
other leads are left disconnected. 


4. Take a voltage reading across each of the three open circuits - approximately 
58% line voltage (127E if 220E applied). 


5. Connect 4-7 temporarily, motor still running, and measure voltage across 1-8 
and 1-9. 


Three different sets of readings are possible. 


a. If voltages are approximately equal and approximately 150% line voltage - 
tag permanently. 


TA-T&R-47 Coyne Electrical School 81 


Lesson No. ll | Testing & Repair 


b. If voltages are approximately equal and approximately 58% line voltage - 
interchange 1-4. 


c. If voltages are unequal - then connect 4 to 8 and try same procedure until 
both voltages are equal and approximately 150% line E - then make tags per- 
manent. 


6. Apply procedure under "5" to the two remaining circuits. | 


7. After all leads have been permanently tagged, motor still running, connect 
4-5-6 together and read the voltage between 1-2-3 - should be approximately 100% 
applied voltage. 


D. Identifying Leads of a Delta Connected Motor, Figs. 2 & 4. 


1. By making a comparative resistance test, locate and permanently tag Tl, Te and 
iB 


2. Mark, temporarily, lead T4 and T9 in the same circuit with Tl, T5 and T7 in the 
same circuit with T2, T6, and T8 in the same circuit with T3. 


3. Connect T2 to T4 and T5 to T9. 
4, Apply lower voltage to Tl, T4, and T9. Measure the applied voltage. 
5. Take a voltage reading between Tl and T7. 


6. If this reading (step 5) is approximately 25% of the applied voltage, then TH, 
T5, T/7 and T9 may be considered as permanent tags. 


7. If the reading (step 5) is more than 25% of the applied voltage, interchange 
T5 and T/7 and read the voltage between Tl and T5. If this reading is approx- 
imately 25% of the applied voltage, change tag T5 to TY and T7 to T5 as per- 
manent tags. T4 and T9 remain unchanged and are considered permanent tags. 


8. If the reading is still more than 25% of the applied voltage, remove T7 from 
T9. Connect T2 to T9 and T5 to T4. Take a voltage reading between Tl and T7. 
If the reading is 25% of the applied voltage, change tag T4 to T9 and T9 to Th 
as permanent tags. All other leads mentioned (T. Te, 2 Onid TT) may be con- 
sidered as permanent tags. 


9. If the reading is still more than 25% of the applied voltage interchange T5 and 
T7. Read the voltage between Tl and T5. If the reading is 25% of the applied 
voltage, change tag T4 to T9, T9 to T4, T5 to T7 and T7 to T5. All these tags 
are now permanent tags, disconnect T2, T5 and T7 from Tl, T4 and T9. 


10. Connect T3 to T9 and T8 to T4. Read the voltage between Tl and T6. If this 


reading is approximately 25% of the applied voltage, all tags may be consider- 
ed permanent. 
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Fig. 4 Nine lead delta connections 


ll. If the reading above (step 10) is more than 25% of the applied voltage, inter- 
change T6 and T8. Take a reading between Tl and T6 for the final check. The 


reading should be 25% of the applied voltage. Change tag T6 to T8 and T8 to 
TOs 


12. Connect T4 to T7, T5 to T8 and T6 to T9. Apply rated voltage to Tl, T2 and T3. 


13. Take voltage readings between the connected groups T4-T7 and T5-T8: T4-T7 and 
T6-T9; T5-T8 and T6-T9. 


These readings should be equal and equal to 50% of the applied voltage. 


EH. Summary Questions 


1. How many circuits should be found in a star connected dual-voltage motor? 


2. How many leads should be found in a standard type of dual-voltage star connect- 
ed motor? 


3. When testing a star connected dual-voltage motor, what percent of applied volt- 
age indicates the proper leads? 


4, How many leads on a standard delta connected dual-voltage motor? 


5. Is the same system used for identifying the leads on the delta connected motor 
used, when tagging a star connected motor? 


84 Coyne Electrical School TA-T&R-1.7 


Testing & Repair Lesson No. 


ELECTRICAL APPLIANCES 


Objective 


To give a general understanding of traffic appliances, testing circuits and tools used 


in an appliance repair shop. 
References: 
Lesson Content 


A. Electric Flat Irons 


1. Models 
a. Nen-autematic ad. Steam 
b. Non-autematic with heat indicator e. Laundry 
@. Automatic f. Tailer 


oO. Nen-Autematie 


a. Types 


1. Mica insulated units 
2. Tubular enclosed units 


3. Non-automatic with heat indicator 


The construction is identical to the non-automatic iron except for a bi-metal 


2 


blade which moves over a scale indicating the heat at which the iron is operat- 


ing. 
4, Autematie irens 

Most of these irons are of the tubular enclosed type. 

The thermostat is of the bi-metallic type and is fully automatic. 
5. Steam iron 


This iron differs greatly from the other mentioned in that a steam chamber is 
recessed into the top side. 


Stainless steel wool is used to filter the steam generated in the chamber. 


In the bottom of the soleplate there are steam outlets pravradet to allow for 
the escape of the steam to the material. 


Distilled water is used and is regulated automatically by a control valve. 


Thermostat operation is the same as on irons previously mentioned. 
6. Laundry and tailor irons 


These irons are built for commercial use and are usually of much heavier con- 
struction than other irons. 
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The heat control is with a 3-way switch. 

Parts are very Similar to irons previously mentioned. 
Klectric Mixers. 
The motors are of the series wound type and operate on either 110 volts AC or DC. 
1. Parts most likely to need servicing. 


a. Brushes c. Field coils 
b. Armature d. Speed regulating devices. 


2. Types of speed regulating devices 


a. Tapped field - one field is tapped in several places and is controlled by a 
switch. (See diagram #1). 


b. Lee Governor - Centrifugal switch is attached to the armature which makes 
and breaks the circuit cutting in and out a resistance. (See diagram #2). 


c. Adjusting the brushes - by changing the position of the brushes on the com- 
mutator, the position of the energized armature coils is changed in relation 
to the field coils. (See diagram #3). 
3. Sizes and speed 
Sizes usually run around 1/12 to 1/20 horsepower. 
Speeds are around 8,000 to 10,000 RPM. 


Beater blades are geared down to turn about 300 RPM, low speed to 10,000 RPM 
high speed. (Speed is checked with a tachometer). 


4, Radio interference 


A .15 mfd capacitor is connected directly across the 110 E line to reduce the 
noise heard in a radio caused by the brushes. 


In some models which use the "Lee Governor" there will be a condenser across 
the points of the Governor to keep the contacts from arcing and burning. 


. Coffee Makers 


1. Models 
a. Non-automatic electric 
b. Two-heat manual electric 
c. Automatic electric 
2. Non-automatic electric 
The heating element is retained in grooves cast in a ceramic plate. 


The elements are usually of nichrome wire. 


Temperature controls are not used. 
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3. Two-heat manual electric 


The high heat element is located in grooves of ceramic brick. 


The temperature maintaining unit is located on the underside of the brick. 


With the mercury switch on the high position, the high-heat element is energiz- 
ed and the low heat temperature maintaining element, being connected on the same 
Side of the line, is not operating. 


When the boiling water has been forced to the upper bowl and the stove is ready 
to be turned off, the switch is manually moved to low position. 


By this time, the temperature of the stove has caused the thermostat to open, 
thus preventing the low heat element from being energized. If the low heat unit 
were energized at this time the water would not return to the lower bowl soon 
enough. 


Eventually the thermostat re-closes, and since the circuit is open at the mer- | 
cury switch, the two heating elements are in series across the line and with 
the increased resistance the combined heat output of the two units is just suf- 
ficient to maintain the brew at a proper serving temperature of approximately 
185 degrees Fahrenheit. Normally the thermostat does not open again. 


The pilot light indicates that the low-heat circuit is energized. (See Diagram 


#4) . 
4, Automatic electric 


This unit is similiar in construction to the two-heat unit except that in the 
automatic the mercury button manual switch is replaced by an automatic magnetic 
switch. 


This unit uses two elements, a magnetic switch and also a thermostatic control 
to maintain a constant temperature to the coffee after it has been brewed. (See 
Diagram #5). 


When the cord is plugged in, the high heat element and the low heat element are 
in series since the magnetic switch is open. After the pot is assembled and a 
small button is depressed, the magnetic switch is closed so that only the high 
heat element is in the circuit. As the temperature increases, the magnetic 
switch is caused to open in order to shut off the high heat position. The ther- 
mostatic control will probably be open, but will close as soon as the tempera- 
ture drops. When the thermostat closes, it will maintain the temperature at 
about 160 degrees to 185 degrees Fahrenheit automatically. 


Electric Roasters 


Roasters will probably have two heating elements. 


One is located around the sides of the roaster and may have a rating of about 660 
watts. ) | 


The second element is located in the bottom and is usually made up of two coils 
connected in parallel and having a rating of about 1320 watts. 
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Most roasters are thermostatically controlled having a range of 150 degrees to 550 
degrees Fahrenheit. A pilot light is sometimes put in the circuit to tell when 
the elements are in the "on" position. 

E. Electric Toasters 
There are three general groups of toasters. 

1. Non-automatic 2. Semi-automatic 3. Automatic 
Non-Automatic 


1. Two types of heating units are used. 


a. Mica insulated units 
b. Open coil units 


Semi-automatic 


Some of the semi-automatic toasters operate on a thermostatic principle. The 
thermostatic strip lies against the surface of the bread, making it directly 
affected by the temperature of the bread. Whether the toast is light or dark 
depends on how far the end of the thermostatic strip has to move before it 
presses apart the switch points. 


Some toasters may be equipped with a bell to indicate when the toast is finish- 
ed. Others will have devices to make the toast "pop up" when it is finished. 


Automatic toasters 

These toasters are usually two-slice oven type and-equipped with a variable 
speed clock mechanism which automatically adjusts the toasting time as the 
toaster heats up. 


F. Testing Procedure for Appliances. 


Some of the more common troubles which the repair man will probably come in con- 
tact with in an appliance repair shop are listed below. 


1. Will not heat 


Connect the appliance to the rated power supply and check operation. If there 
is no current, remove the cord if detachable., 


1. Give the cord a continuity test with a series test lamp. 
2. If the cord tests satisfactorily, make a continuity test on the circuit in 
the appliance. 


If the cord is not detachable from the appliance, dismantle the appliance so 
that a continuity test can be made. 


On automatic appliances, incorporating a thermostat, further series testing 


must be done to eliminate a faulty thermostat. In this case the heating element 
should be isolated and tested with a series lamp. 
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On fused appliances such as perculators, the fuse should be checked for possi- 
bility of having opened the circuit. 


2. Uneven or low heating 


Check for broken or partially broken cords or defective contacts or for high 
resistance connections caused by any of the above. Stressing and flexing of 
connections and cords are helpful in lccating these points. 


Partially grounded, shorted, or open portions of heating elements are usual 
causes of such complaints. Visual examination plus series lamp testing will 
serve to locate these failures. Wattage may be checked against rating on name- 
plate. Allow plus or minus five percent limit. (E x I = W). 


3. Blown fuses 


Providing the appliance has been used at its rated voltage and on a line having 
adequate capacity, the only reasons for ‘blowing of fuses" can be; grounded cir- 
cuit (See #5) or a direct short circuit in either the connecting cord set or in 
the appliance proper. Short circuits can be located by a series test lamp. The 
brilliancy with which the lamp burns is the indication. A shorted circuit will 
cause the lamp to burn with much more brilliance than a circuit which is not 
shorted. 


A watt-meter may also be used for checking against the rated wattage. 


To determine the exact location of the short circuit the appliance will proba- 
bly have to be partially disassembled to isolate the trouble. 


4, Overheats 


The only appliances which are subjected to this trouble would be those which 
are automatically controlled. . 


These complaints fall into two classes, namely: 


a. Thermostat inoperative or incorrectly wired. 
b. Thermostat out of calibration. 


Regardless of the cause, the performance of the appliance should be checked 
either by a recording temperature indicator or by an indicating temperature 
meter and the "on" and "off" cycles recorded. A high temperature thermometer 
can be used on such appliances as heating pads, irons etc. 


5. Grounds 
If an appliance becomes grounded, complaints of blowing of fuses or of electri- 
cal shock upon handling will be received. 


Electric shocks can result from a high resistance ground, with the appliance 
resting on an insulated surface, if contact is made simultaneously with the 
appliance and a water faucet or the range, or if the person is standing on a> 
damp floor. 
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Low resistance or direct grounds are easily detectable with a series test lamp, 
testing always between each side of the electrical terminal plug or connecting 
cord, if permanently attached, and the metallic shell or frame of the appliance. 


High resistance grounds are detectable by means of a high potential test. Test 
between each of the two connecting terminals and the metal framework of appli- 
ance. Where high potential testing equipment is not available, a small neon 
bulb in place of the lamp in a series test circuit can be used with good re- 
sults. 


5. Testing Circuits 
Following are three practical test circuits which can be used to test appliances. 
Test Circuit Fig. 6 may be used for testing for: 
a. Open circuit 
b. Short circuit 
c. Resistance circuit 


Test circuit Fig. /{ may be used for tests as follows: 


a. Grounded circuit 
b. Complete circuit 


Test Circuit Fig. 8 may be used for temperature testing. 
6. Test circuit Fig. 6. 
This test circuit in one operation, simply plugging in appliance in a socket, 


automatically gives a test which instantaneously shows whether there is an open 
circuit, a short circuit or a resistance circuit. It consists of the following 


parts. 

a. Porcelain socket with 75 Watt mazda bulb, A. 
b. Porcelain socket with a 660 Watt resistance B. 
c. Porcelain socket with a 73 Watt mazda bulb, C. 
d. Procelain socket with outlet plug, D. 


Light "C" will burn at almost full brilliance whenever circuit is not being 
used for testing. To use this test circuit simply plug the appliance in outlet 
plug "D". 

If open circuited, light "C" will continue to burn at full brilliance. 


If resistance circuit is plugged in, light "A" comes on at low brillance and 
light "C" drops to low brilliance. 


If short circuited, light "C" goes out and light "A" burns at full brilliance. 
7. Test circuit Fig. 7. 


The parts needed to build this test set are as follows: 
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. Porcelain socket with a two watt neon bulb. (A 7S watt pudib can be used). 
. Shunted porcelain socket and outlet plug. 

. Porcelain socket with outlet plug. 

. One test prong identified as ground. 


aaoDn 


To test for grounds, Fig. 7. 


Plug the appliance in the upper socket "B" and touch the shell with the ground- 
ed test prong. If the light glows, there is a ground. If the appliance has no 
cord, short across both terminals of the appliance with the ungrounded test 
prong and touch the shell with the grounded test prong. 

To test for a complete circuit plug the appliances in the lower circuit (C) or 
use the test prongs. If the light glows the circuit is complete. 


8. Test circuit, Fig. 8. 


a. This test circuit enables you to test temperature on irons and roasters. The 
light in the circuit saves time because it allows the operator to work on 
other appliances during the temperature test and at the same time to catch 
high or low readings when the light turns on and off. 


b. The power circuit with an outlet plug and an indicator light can be made up 
from parts from an iron. 


. Miniature lamp socket with a 5718085 lamp such as used on F113 iron. 
. Two 5718280-1 resistors used on the F113 iron. 

. Toggle switch to short out second resistor. 

. Porcelain socket with an outlet plug. 


FWN RF 


c. Testing units, Fig. 9 


1. Standard iron temperature test stand, which is available through your 
, appliance Service Center, 9 B. 

2. Shielded thermocouple such as used on the TC- 300 - range oven testing, 9C 

3. Type Dokl temperature meter such as supplied for TC-300 tester, 9 D. 


d. In testing appliances having a wattage of 800 to 1320, the toggle switch 
should be closed. This shorts out the second resistor. | : 


e. In testing appliances with a wattage of 375-800 the toggle switch should be 
open allowing both resistors to remain in the circuit. , 


9. Testing procedure. 


All automatic irons require a special fixture for proper calibration. A tem- 
perature stand supplied by the company that makes the iron will be satisfactory. 


An automatic iron which has bad thermostat trouble or a heat complaint should 


also be tested, and it is good practice to test all automatic irons for cut-off 
temperature at the high heat setting. 
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The meter will give the correct temperature reading at any given point. The 
light in the power circuit indicates whether the thermostat is open or clos- 
ed. By taking a record of the temperature as the light goes off and on it 

is easy to check the range, initial overshoot etc., at various temperatures? 


b. Roasters 
In testing roaster temperature, the iron test stand can be replaced with a 


Shielded thermocouple, which should be placed inside the roaster on the cen- 
ter of the rack. 


G. Summary Questions 


Li 
Ls 


3. 


1O. 
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. What is a thermostat? Py sige G Kt gha- IHL 


f., 
a? 
Ut 


Describe how a heat indicator operates. 
Does a steam iron usually have a thermostat? 


What is the value, in mfd's., of the capacitors used on small motor-driven 
appliances? , / <- 


. What type of motor is used in most motor-driven appliances? _- 


. How is ae control obtained on the motors mentioned im question 4?_. 


AY. ; Lo? Ys i 


Ye 


. What are a average horse- -power and ‘speed ratings of the motors mentioned in 


question 4? 


. If you were to order some wire for replacing elements in electrically- -heated 


appliances, what kind would you order? 9 .fpg77 4% ee ee re 


. How would you test an appliance eels ae: heated) for defects? 


“pif 


4 “t aia 


What is a thermo-couple and pee could you make use of it in testing appliances? 
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VOLTAGE RELATIONS OF WIRING SYSTEMS 


Objective 


To learn to identify a wiring system by the potential difference between wires and 
between wires and ground. 


References: 
Lesson Content 
A. A Single-Phase Three-Wire System 


A wiring system may be identified by the difference in potential between line wires 
and ground, as a single, two or three phase,and,whether or not it is a grounded 
system. 


A single-phase, three-wire system may be obtained by using one single phase trans- 
former with a split secondary, Fig. l. 


B. A Twe-Phase Four-Wire System 


A two-phase, four-wire system is nothing more than two single-phase systems with 
a phase displacement of 90°E.., Fig. 2. 


To obtain two-phase from a three-phase system a Scott or "T" connection must be 
used, Fig. 3. ; 


To obtain a two-phase, three-wire system from a three-phase system a Scott or "T" 
connection, Fig 4 must also be used. 


The Scott Transformer may also be used to change two-phase power into three-phase 
power with a phase displacement of 120°E., Fig. 5. 


Assuming the voltage of each of the complete transformer windings on the three- 
phase side to be 100 volts there will be 50Ov in each of the sections on either 
side of the 50% tap and 86.6 volts in the active section of the other transformer. 
This will cause the two voltages to be displaced by 90°. ~ 


When 86.6 v is added in series with 50v and is 90° out of phase, the resultant 
voltage will be 100 volts. 


D. A Three-Phase Three-Wire Ungrounded System 
A three-phase, three-wire ungrounded system may have the transformers connected 


either Star or Delta and in checking the voltages between line wires and between 
line wires and ground. | 
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The voltage between any two of the three line wires will be the same. Between any 
line wire to ground the reading will be zero. 


. Three-Phase Grounded Systems 


There are two, three-phase, four-wire systems used, namely, Grounded Star and 
Grounded Delta. 


The Star connected four-wire or grounded system will give the same voltage read- 
ings between any two of the main line wires and will give equal voltage readings 
between each main line wire to ground, or 58% voltage readings between main line 
wires to ground, Fig. 8. 


The Delta connected three-phase, four-wire grounded system will give the same volt- 
age reading between any two of the three main line wires, but between the three 
main line wires to ground the readings are not equal as in the Star connection. 
Between two main line wires and ground, or neutral wire, there is only one-half 
transformer or phase. Between the other main line wire to ground there is one and 
one-half transformers. Therefore, between two of the line wires and ground, or 
neutral wires, the reading will be 50% that between any two main line wires. Be- 
tween the third line wire and ground, or neutral wire, there is a transformer and 
one-half, or, one and one-half phase in series with a phase displacement of 120°. 
To get the effective sum of 440 volts and 220 volts, when these two values are out 
of phase 120°, we add the two voltages and then divide by 1.732. This gives ap- 
proximately 38¢ volts or 86.6% line voltage. See Fig. 9. 


. Summary Questions 


1. How many different voltages is it possible to obtain from a four-wire grounded 
star connected wiring system? 


2. What type transformer must be used to obtain a two-phase wiring system from a 
three-phase system? 


3. The voltage, from one of the main lines to ground, on a grounded star system, 
is which of the following percentages? 58%, 1,732%, 173.2% or 86.6%. 


4. How many different voltages is it possible to obtain from a four-wire grounded 
delta connected wiring system? 


5. How many transformers are necessary to obtain a three-wire single phase wiring 
system? 


6. Is it possible to determine which connection (Star or Delta) is used, by a volt- 
age test, in any ungrounded three-phase system? 


7. Should the yoltage from a neutral wire to ground be zero? Explain! 


NOTE: Most of the above information has been condensed into diagram form. Refer 
to fig. 10. 


Coyne Electrical School TA-T&R-47 


Lesson No. 13 


Sec. 440E 220E 
——-—-—f 220£ 


Testing & Repair 


OTOTOKOZOLOT 
BS 
Bey 
e) 
m 


WO YOO) 
| 

| 

_ 


TA-T&R-17 Coyne Electrical School 


Testing & Repair 


Lesson No. 13 


Star - Star 


Fol Teal lam 
=f 
D 
ae 
rm 
} 


rig. 5 
Delta Delta 
R= A 
ade 
44GE 440E 
y 4 
ee 
+ 


Star — Star 
Y — y¥ 


Neutral 


Coyne Electrical School 


Testing & Repair Lesson No. 13 


Deita Delta 
A 


—— A re— B —> 


2 31 A 
SOE, SOE 
SOE S50E pee ey 
alex OC) Ua 5 
dg Q 
<P oe | lOOE 
an Ye l00E 
2| ON, 
-66.6E }- 100 / 
1OOE - 1O0E o! —? 
100E e CtAa 
50E 
_____ 50E 
lOOE. se -100€ . - 
aan tie 
@, 
586 
55E, 
FE 58€ YS Q¢@ 
\ \ 
Cc < —™aig 
fig. LO 
TA-T&R-47 Coyne Electrical School , 99 


Lesson No. 14 Testing & Repair 


MULTI-SPEED MOTORS 


Objective 


To study the development of multi-speed winding diagrams, the operating characteris- 
tics of multi-speed motors, and to become familiar with standard terminal markings. 


References 


Lesson Content 
A. Application, Ratings, and Cost. 
1. Multi-speed motors are manufactured in two general types. 
a. The single winding motor. - 
b. A motor with more than one winding. 
The above motors will give from two to four different speeds. When the connect- 
ions to the line are changed, to develop a different speed, the operating char- 
acteristics of the multi-speed motors will change. 
These motors are classified as: 
a. Variable torque motors. 
b. Constant torque motors. 


c. Constant horse-power motors. 


2. The single winding motor is most common and it develops a "two to one" speed 
ratio. 


3. The constant horse-power motors are used to drive machine tools such as lathes 
and milling machines. 


The constant torque motors are used for driving conveyors, pumps, air compress- 
ors, blowers, etc. 


® 
The variable torque motors are used on fans and blowers. (Many times replacing 
a slip ring motor. ) 


B. Construction and Operation 
1. We will study the single-winding multi-speed motor at this time. 
Most single-winding multi-speed motors have six leads. The manner in which the 
leads are connected to the line will determine the speed of the motor. We be- 
lieve that you can analyze the construction of the winding most easily if you 
will refer to Fig. 1 - after completion. 


2. In developing a diagram of this kind, or, in actually placing the winding in the 
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stator, there are a few rules that MUST BE observed and followed. 


a. In all multi-speed motors the jumper connections (the connections between 
coil-groups) must be of the long-jumper type. See Fig. 2. 


b. When determining the coil span, by using the formula S1LOtS 4 1, use the 
larger number of poles for 100% pitch. poles 


NOTE: If you used the lower number of poles and used 100% pitch the motor 
would not operate multi-speed. 


c. To determine the number of coils that must be connected oO series to form a 


coil-group, you would use the following formula __ slots sana you 
poles x phase 


would use the lower number of poles. As an example, let us check the data 
on the forty-eight slot stator winding of Fig. l. 


Coil span = Siots + ls 48 l= tL 
- poles 8 7 


In other words, one side of the coil will be in slot "one" and the other 


Side of the same coil will be in slot "seven". 
Coils per coil-group = ——SiotS sss ie 48 = 4 
iii poles x phase Lox 3 


Therefore, four coils must be connected in series to form a coil-group. 


3. The reason you obtain the two different speeds is because there are, automati- 
cally, a different number of poles "set-up" in the winding when the leads are 
re-connected to the line. This method is making use of the "consequent pole” 
system. 


Definition: A consequent pole connection is one wherein one coil-group forms 
two magnetic poles, thereby developing twice as many poles as there 
are coil-groups per phase. 


A salient pole connection is one which has one magnetizing "coil- 
group" for each pole in each phase. 


4. Check Fig. 1 once again. Notice at this time the method of numbering the leads. 
This method has been developed by the American Standards Association. 


Check Fig. 3 after completion. This shows a more schematic type of diagram of 
Fig. 1. This is the type of diagram you would find used on connection diagrams 
put out by the manufacturers of motors and controllers. This diagram indicates 
the relation of the phases and also the way in which the groups are connected 
for the different speeds. It is the diagram of a variable-torque motor. The 
connection table is also given. 


NOTE: By connecting T], To and T3 to the line you will obtain the lowest speed 
of the motor. This rule holds true in all multi-speed motors. 


EE cee ee ee eee 


Fig. 5 after completion shows the schematic diagram and the connection table for 
a constant horse-power motor. 


Figs. 6 and 7 after completion are the diagrams and connection tables of multi- 
speed motors making use of two different windings in the stator. 
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C. Summary Questions 


Ls 
es 
3. 
4. 


10. 


What is a multi-speed motor? 
What determines the no-load speed of an induction motor. 
What types of windings would you find in a three-speed multi-speed motors? 


What are the three types of multi-speed motors? Where used? 


. What is the rule pertaining to "jumpers". 


. Do you use the higher number of poles (consequent) in determining the number of 


coils to connect into a coil-group? 


les 


. What is the formula, SLOtS + 1 used for? 
po 
. What is a consequent pole winding? 


. What is a slaient pole winding? 


Draw the schematic diagram of a constant torque multi-speed motor. 
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VACUUM CLEANER MOTORS 


Objective 


1. To obtain general service information on vacuum cleaners. 
2. To become acquainted with the construction and characteristics of universal 


motors. 


References 


Lesson Content 


A, Universal Motor 


106 


1. Definition 


A universal motor is either series-wound, or a compensated series-wound. It 
may be operated at approximately the same speed and output, either on direct 
current or single-phase alternating current. These conditions will be met 

when the d-c and a-c voltages are approximately the same and the frequency of 


the AC is not greater than 60 cycles per second. 


. Classification 


a. Plain series - a varying speed motor with concentrated poles. 


b. Compensated series - a varying speed motor with distributed windings. 


. Ratings 


a. Voltages are 115 or 230 volts DC or AC 


b. AC frequency up to sixty cycles per second. 


. Application 


In addition to its use on vacuum cleaners, the universal motor is widely used 
in food mixers, adding machines, fans, drills, sewing machines etc. 


Universal motors are designed for continuous ratings up to one horsepower. 
Above one horsepower they are usually designed for intermittent service. 


. Construction and operation 


a. General 


The motor operates on either DC or AC and runs in the same direction in either 
case. This can be easily understood by referring to Fig. 1. Whether the cur- 
rent flows in on line "A" or line "B" the direction of rotation will be the 

same. Therefore, such a motor may be supplied with AC. To operate satisfact- 
orily on AC all parts of the magnetic circuit must be laminated to prevent un- 
due heating from eddy currents. These motors when starting will develop about 


* 


Coyne Electrical School TA-T&R-47 


Lesson No. 15 


oc > 
‘ 


ithe tat he ha hh oh xo ® 

Pr Rcd a alt og ea. © 

‘ aa ihece . . 

Pe It ey bar Po orete 

Che et eee on . Or 

PC eae ee SL aah ary ae 

crete te teeee e Cs oe 

. ans rH a <6 - . . 

ee hee 86d eee ' 

eC ee! «baie ce eee 
Ve tie te tees ie Pawnee 2 
tet ae see se or ete : 
eC ta fe ete ei esis 2 
pa ate «Se ote Lint tall pot Fe 
Ga ee aa eee, . . ene 
np tarts Se ae . . tg : 
O 6 e a eee . ote 
Coe ote ° ote . . s . 
eee a en ea ri 4 ote 
Pee be be ery || lad +t : 
ee elt eat thet eae Cece - ois, eg ae 
Bi etce swam ee ote . Lae 

Sa atce ale ian ae z3e2 : 
ee er ee ee i. . - ° ae. s ° 
Salta PA Pc Cost . 4 . . of%e . 
Dipl ta ey el arf et oie CO tel tees td . eterte . 

On Bie eo a +i Pages et eae oe teie ee 
SAT ODA Iie ke tea the are 6 ae Stren wie ae 
erie mw 6 tale -"e ate we waieoe peas 2 
Ores er ece ee ote Sel ee Eo eae Ogi Sg oe 
he eet ee ee er =| CL Netiecm Se brs Se ies OP 
eee se oe ars oss age Sie sess. ae ; 
i i ee eite Se ow oe careeh. See 
ety Se eecis: han Ok teat ok pet iene ae 
Oe Seer ee he we oie Ciear pat a | steve é . 
Oc he oo a ee a oreie rae ecear a2 a 
ie oer a oa @ eS iS Spin ais =a8 ea 


Fr) 


seeses eset esse es eeee es 
ee rr) 
Stew eee eeeeees 


aseeeeseeee weseccoceccesccesceusee es 
Pewee nese eee s esse eeeeeeseeeeeteeeeeeeeeteeeeeeereeeseeeeeees 
FE eee eae ae ee ee eae! eovecvecoessscecscccnccsececceseeeseess 
Pe ee eae a ee ee eee eae eee eee eee eeeeeeeeeeeeeeseeeeeeeeneseeeeeeeentes 
wecereccereccsccvceneeccees 
AAR ARP arti Rit cathe LR Mat Ea alte Mad TAL eae A IE Mada ay hace eRe CR Nhe ch Cee 
fe eee eset eee sees eeeees eevee weeeeccceveyeseecee 
SEA e eee a ee eee eee ae ee aaa ae ea ae ee eee eee eeeeeeeeeeteeeee sees 
Pi ve vee ee eee eee e sees ee ee eeeeeeeeeeeeeceeseeeeeeeeeseeeneeseeenseeeeeeeeees 
(COU OOO ee wecvvccceccsccescevecccoucvsessecnesesecbenss 
Netad . Ce & 
eer eee eee eee eee eee eee eee Tar gtate rato ata eee ae e re cetoCererey 


ee a) seenee 
eee . er 


ee a) 
eee 


fe Oooo vovceeseccves 
wonseeereccecesecee eee see ereee 
se eee eee ee eee eee ee of . Raven ey 
ooo cosevcovcves 
SOOO U OOOO OOOO OOo S ence ne ncnen 
seccesocscecnsecveserecveseeseesens 
BDOODOOCOOOOOOOOUOUOUIOOCICC ICI II 
ececccseeveccceccoeee.s 


eee eter ree 


. eee eenee 
eee eeee 
ale ee) ee eeeee 
hae . rr) 
eee rr er 


ey se eeeeee 


secre eee . 


eeee 


eee 
on 
o- 


ry 
eee ee eesene 
sete we ene 


SAOOOOODONS 
peeeeseseeces 
weccccoecvccveee 
eee eeree Re ab WIRE OS Cay Catalin aioe ae eT 
ecooveceeccscceecseveccceceeereceeees 
weovccveccccceeecscecseceeceeeseess 

coscvsccsvecseecouceesecess woes 
eovvecsvecvcccecevecseceseeeeueees 
wevececevescecsceceecseceesseeseees 
weeceseccseeesceseeresesessseessesecesven 
ne ee eee eae eae eae aa eae aa ela ae eae eee alee e's 

eeevccserecerecrsecessasecseseese 
seve eccrccsesescccesbocceeeesecese®s 


ee eens 
eee eeeee 
eee sees 


weet eeeree 


: wocvvceccvevececeeses 
weves eocccceses 
eee eee eee ee eases sees sees sees we scevvccccccesevccseeccsecceseceeeees®s 
se eee eae eee ean e ee eae eles eels eee sees eee ee ees 
sie's Si0'6 & fb o aie Siwieraidib's bine mie.a ere. 6 0:6 
eee ee eee eee . eeeeee A RS SIO” 
veee weecvcceescvoceseeecseeereessecesressececesneces 


Ce 
. Pee ee eee Hwee eee eee HH EEE HEHEHE HEHEHE HEHE EEE 


L670 See ie 68.0 9i014' 0 6 e/6.¢ 6B 6'0.0i8 Se Ais Sin Ai O58. 810'85 
i ee i i 
on eee eee eee eee ee ee ey 


rr Se 
eee er 


sete eee 


HW5V AC 


TA-T&R-47 


ry 


eee nee 


a 


eee eeeeree 


ee ewww eens 


a) 


ee ee 


. rae 

a bk cd 7 Par 
a= '8 at oe we 

32 cece se 
a erg ties 
Hel? iota 

. bd 4c aris 
are oa ene 
aa mnie wate 
te Sse = 8 

. sae ia . 
ee. Cee . 
. wae : 
° 


seen 
weer 
eenee 


eeeeee 
sete eee 
ee eee nee 
ee eee eee 


wee ew eene 


ene ee eens 
er 
sere eeeene 
eee e ee enee 
eee eee eres 
er) 
cere eeeee 
sent ene eee 
a) 
ete wenn 
serene eees 
ee cr) 
eee eeeee 
eee e eww eee 


eee 


ecaweees 


oe 


oe 
ececceedes 
g0'. 6 66:0 0 00.6 Bie 
cae e eae © 66.8 88 
aio ES 610)8 COS OS 
eooecerer 


eeeeeeee 
oareee 


eccee 
eneneeee tee 
esecoesseee 
ecceveecsee 
ae wee Brore aces @ 
eovesceree® 
Pr 

oe 
eoveseesee 


eoee 
eee 


eseeeee 
eae bas 06:6 9:0:8:8_© 


ecccoevese 


eseceeee 
Cees ae ee aoe 
ee eenoe sees oe 


eoeoeeseees 
oe 


Coyne Electrical School 


. 


Pid heat de 

Peat tee ee) 
at ba» 

ls eee ce 
Fake ea eek 

* Por hey Be 
one ee 

. veecee 
ar st a 

3 6.8 aege 
s es ee 

PS +t. 


ork Bieis 6 ee 6 © 


eecvese 
eeoseee 


-eeeeeee 
eeoceeee 
ease ses 6 
a 
eoeere 
oaee 


? 


Ree 
eeeee 
Ree eeeee 
mec eeseee 
eoveoeeee 
eoecccers® 


18 # ie alee v5o'516 60/6 © 
eee A a lece eine Heim sie 
ae Sele a 8: 0[60.0'e 4 
eee rcleve aos, oie. © f 
Pe rears sree niga. S.° -. 
ie ee ea eine 0.6001 , 
eee es 
vacuo eae 
ee cae 0 6,6 0168 © Com 
ee pears einare's ° 
sO pe ere 5/400 8 89 eeee 
Keele Clot i es 


eeeeeees 
aeee 


eoccceseoese 


eneeeeeeore 


weneseee 


sesesoeses 


eeeee 


. 


oe 


eeceeoceee 


see 
o- 


eeeeee 


weer 
eeee 
eee 
seer 
sees 
seer 
eoeee 
eeeoee 
eseee 
eeeeee 
eevee 


eeveeee 
A i 


eoecoese 


oe 
weer 
eeeceere 
eeeee 


oe 
eee 


ecoeesere 
evcoceeee 


eeeceesee 
evocees 


weeee . 


7 eee 
eeeeve 


seer 
eoveece 


. 
. 
. 
. 
. 


. 
. 
. 
. 
. 


seeeeee 


ececveeressoeeeses 


lg Slave ©1670 6 Bie 4 0:0,4 S p09 0 6.0.8 6108 8 


eeee Se a wie eee eecceore 
Pn cian myn 600 10 68 Le eve « ws oe aims Bsa em OF ie .? 
Le ite Galas 00a. 9.018 = a's IO alae eee ass wine eee 
Peoceee® Co rg ieee ae 6 8 ee eee SoS pee eelee eee eee © 
eoceeceeoee eee 1g Oe eT ig 6 ase e'bi8ie B'S -#8 08 8 TT OE OIG 
BOOT EE Th, SN cate a eee ee ores Ges ©4766 05 ™ CNRS PICT gs aie bain) e 
es Wee Ce OEee O88 SO ee A . . 
eeeeeeeee tate 18s &5)8 4 ese Bie-e 818.8 © BS Re ee kw a eh 
Serbo 6 aes case 0 6% See aeie'® eeeesere see inital enersie eele acere 
Gia & Bias oe 2 6.8 6 Ble 8 eee i PA eeoeeeese see ec oecencesee 
eS eigte mee eee eovoecsese 
eaceoveseesee eosoee . ch el ed 
eee eeeeeee z 5 Sales Wee OSS S8 ee 
ecceeseocece 10 eS a 8 eoece ey con © oe 
eascceoveees ED Par eeeee eeevoeeeeee * © 
eoeeseese eovoee severe or bre. 0 09 'e 628k eee) 
eoneeeeee oeeee eevee rr bt 
& ae ° eeoee oes, oeee 
eoeseee eeeee eaiee a4 a e168 e a 
CW RE bins ecoee = 0019 eee ein 6 mem eeeee 
SO eos oeee sien tee ese * © a mds 
Tocccueeesere eoeee ene See ia S20 See Be ele eet Se 
eeeeee eee pea ees ace) 60.8 
esee eoeeers 
weeeee ee ° eae © hae CO's & 
eeesee oeer ead eoeevee *. rer: 
ire eco : eeeeee eee Fe . 
TS ats LS . abe $s 0016, Oo) 6c 
aa eeeee aoe t eeeeee eeere 
2 eees i eevee Pies 
. age oie eee * ig . esoeesene ae 
; wena el o* sale Eadied eoecaccvee 
at eee * a eeeee AICO oe 
eee eeeey 
e8. eeeee 
Legs eee Ieee SPECK EL Cee eo 
eee ooee a) ¢0.8 = 8108 6p ee 0028 
eeoee ee 
eae ees, eoonce 
cocemeecesl s *, A daha: oe 
eeoesee Rca ys 
eorere Gio eee «8 
eeseee eeeeee 
caere eeeees lh Pact 
eee oy 
eevee 
eee oes 


eoveecese 
ee a 879 08.0 8 Bie 
* 


eereee 


. 


ree 
Voccvvccore 
eae eee ee s0 68 0 ee 


Pewee ho 
g'gis wee 6 618) 66:8 5 O66 oes ae 60a 


re 
66 6 0:60 6.650 Coe 08 6 88.06 C18 0 6° 


aeeccecccccere 
eecccccves 


.* 


eaeeee 
eeee 


eoeereeee 


ooveeeseer 


seoeee 
of 
aoee 


eoceceseseerecce 
ce B00 0 010 8 6.60 06:6 00.0 6 016 6 81016 


senee 
esecvsoeee 


Cereal wise Cie eee Cee. e088 Ree 


eeeeeee 


eccesecneeseececes 


eocesncereeceveoereresese 
ie i et 
Lg 066 6.0 6 C66 6.6.5 @ 6 0 68 eo erel8 


Ae iy 


eoovece 
eoevesese 


eevee 


eoeesese 


i cod BP Tr AI elle 
Sian tore nae S186 8/88 Ie 
a Sees aie: 6 are 
eS ee caine ee 0.078 
wvecesecuees 
i Be 6:0 6 wee O'e9 
Sara we 2o8 60 0 SPs 
eT aies o Ueda 6 G5 0 8\e: 8 
ES ea oC Ree £eee ee 
8 ee Oa eoeneeseeee? 
= e688 ecseeeeeeese 
et Ry cvaeeneeses® 
Pee Rel ree ees, 
ror Sah So aay epeene ans ee 
eae etn ee Ou 
eee ae ere 66 66 8 S58 PETS . 
aes verb eeieb ee pees O86 Oo 
ey eveecesesee® 
x eeoeeee 
ora odes Ree Sens Aer ee Mae OLS 
ete i ginie we Se Bae © a 
renee rere EE ATE Mh Beate D ete: 
¥ Os Fite Lue ao 6 aes 0.6 2 2S 
eee Fai GY Sequeecees Bess 
ded ers bre S67 Wee's SS OF 
es ese f re ee ey 
. ve ewesoewes 
wees eee ee cm ees 6 ee. eur et 
Brena ek sh sooner 
FS are ecesvqeeeee 
et Aerts ree eoeee 
ot Ae eoeeveee® 
‘i Sai oer . 
er me eevee 
eecgieaie ree 
ASROOEE, 
eaeeces eee, 
Te erate e Wee ecoonneen? Pe 
Ns siais 0 giolereere © mie # SSeS Sr 


eoeseosere 
eee 


é0.8 © se 0.8 es © 


eeeeeeee 


eseecees 


a 6418 @ oe © 88 
Sou eikesieg se see 4 
eeesose 


aeeeee 


8 0 00.6 0.08 B66 6.60.0 00:4, 60)0 4.018 ©, 
sD Obs O06 © Oe 6 .9,6 8 O86 0.0.8 o 81e,0 


PoC er Ye Oe ee 


Pr a ee 


eereeee 
eens 


decease 


Lesson No. 15 


Testing & Repair 


four times the normal full load torque, at two times the full load current. 
the variation in speed from full load to no load is so great that complete 
removal of the load is dangerous except motors having small power ratings. 
Universal motors are usually designed for speeds above synchronous speed. 
(5,000 10,000 RPM). 


b. Non-compensated Universal motors, Fig. 2. 
These motors are used for higher speeds, they are less expensive, and they 
have greater variation in speed when changing from AC to DC. They are simp- 
ler in construction and are usually supplied only in lower horsepower rat- 
ings. 
The field windings are concentrated on salient poles. 


The armature is wound like any other d-c motor. 


Commutation is poorer on a-c than d-c due to induced voltage from the a-c 
field, in the short circuited coil. | 


c. Compensated, distributed field, Fig. Se 
The compensated winding may consist of two separate windings or only one 
winding which is the equivalent of the two windings. It is used to improve 


operation and reduce sparking at brushes. 


Field windings are distributed ina stator frame, the same type of punch- 
ing that is used on induction motors. 


The armature is wound the same as any other d-c motor. 


Commutation is improved over that of a non-compensated motor. 


B. Checking and Disassembling the Cleaner. 


108 


1. Have a clear workbench with room for laying out parts as the vacuum cleaner is 


disassembled. 


. Open the front case coupling outlet for access to the fan. Check to make sure 


that the fan will turn freely. This check is to determine whether or not the 
bearings are frozen. 


. Make a test circuit like the one shown in Fig. 4 and a set of test leads as 


Shown in Fig. 5. 


4, Assuming the bearings are not frozen, plug the cleaner into receptacle 2. Have 


vacuum cleaner switch in the "off" position. If the bulb lights there is a 
short somewhere in the cleaner. The short is likely to be in the cord, switch, 
or leads to motor. 


. if the bulb does not light, turn on the cleaner switch. Then if bulb does not 
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light it is an indication of an open circuit. 


a. Check the carbon brushes to determine whether or not they are stuck. 


b. Shake the cord. If light flickers the cord is defective. It is possible to 
locate an open in the cord. It is good practice to replace the old cord 
with a new one. 


6. If none of the above indications are present, disconnect the motor from the 
cord and twist the two ends of the cord together. This will determine if the 
trouble is in the cord and switch assembly. 


7. Plug the test leads into receptacle 2. Clip the alligator clips on the motor 
terminals and check the carbon brushes to make sure that they are making good 


CONTACT. . 


a. The lamp will light unless there is an open in one of the field coils or 
from the motor terminal to the field coils. 


b. Of course a "high-resistance connection" might not allow enough current to 
light the lamp. 


c. An open in the armature would not prevent the lamp from lighting 


8. If the lamp does light, in above test, you can then check the armature for an 
"open". Turn fan slowly and watch the lamp. If the flickering is unsteady, 
rotate armature a little slower. If you find a place where you can stop, and 
the light stays out there is likely to be an open in the armature. 


9. If, after the above points have been checked, you have found no trouble, plug 
the motor into receptacle 1. If the motor runs indications of trouble are 
likely to be as follows: 


Ring of fire around commutator 
Excessive sparking 

Noise 

Incorrect speed. 


maOQn»0 


10. Check the end play of the motor. 
ll. Check the side play of shaft. 


le. If necessary, disassemble the motor. 


a. On some fans, take off the front nozzle and remove the fan. On others, the 
motor housing is removed from the fan case without first taking the fan off. 


b. Remove the carbon brushes and springs. 


c. In the space behind the fan you will find either nuts or screws which per- 
mit the end plate to be taken off and the motor to be completely taken down. 


Exception: Ball bearing motors. The ball bearing screw must be removed 

and the outer bearing race removed before the end plate can be taken off the 
motor. WATCH ORDER OF PARTS WHEN WORKING ON BALL BEARING MOTORS. See motor 
check Fig. 6 & 9. 


13. Check fan and fan case assembly, belt and brush. 
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C. Motor Check 


1. Disassembly procedure has been given, however, before disassembling, check bear- 


ings for: 
a. End play. 
b, Side play. 


2. Check armature for: 


onan. ® 


Grounds; 110 volt a-c test lamp. 
Shorts! growler and hack-saw blade. 
Open; growler and millivoltmeter 
Condition of the commutator and shaft. 


. Condition of insulation 


3. Checking field coils for: 


hs 
a 


a. Grounds; 110 volt a-c test lamp. 
Be 
oe 


Open; 110 volt a-c test lamp or d-c source with voltmeter in series. 
Shorts, place jumper between two brush holders and apply six volt d-c to 
motor terminals. Take voltage reading across each coil, Fig. 7. 

Check insulation 

Always replace field coils in sets. 


4, Checking bearings. 


a. 
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Sleeve bearings 


Babitt or bronze. 

Check for "rattle" when motor is started and stopped. 

Side play which can be felt indicates poor bearings. 

It is best to "press" bearings. |. 

They may be pounded out. Take care to support housing around bearing. 

Use pilot arbors. See Fig. 8 

Check oi] holes or grooves. 

Use line reamers 

A motor is in good shape if it will run, or coast, for some time after 
current is turned off. 

After reassembling a motor, allow it to run a while without the fan ana while 
running, tap the housing several times with a soft faced mallet. This 
gives bearings a better chance to align themselves properly. 

Check oil wick carefully. 


. Ball bearings. 


NOTE: See Figs. 6 & 9 for ball bearing assembly. 


You must watch the order of ball bearing assemblies. The above mentioned 
diagrams will apply in 90% of the machines. Others may have a single piece 
grease seal bearing. 
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or 


Disassembly 


Unscrew the fan pulley and fan. (These units usually have left-hand threads). 
Place the fan end of shaft in hole in bench. This will allow bearing on the 
commutator end to be upright. 

Remove the screws holding the cap down. 

Remove in order, cap, spring, and cup. 

Lift motor and push up armature. This will raise the bearing assembly above 
the motor housing. 

Press the bearing cup down off bearings. 

Pull the bearing out by hand. (Do not force - pull straight). 

Pull out ball race or cage, it will spring over inner race. 


CAUTION: When reassembling the motor do not reverse the facing of the outer 
race. The wide side must face toward the outside, Fig. 6. 


Brush assembly. 


a. New carbon brushes and springs are recommened for every job. Seat the new 
brushes properly. A small spark, when the motor is operating, is not harm- 
Tul. 


b. Check the carbon-brush "holders" very carefully. Check for grounds by using 
a 110 volt a-c test lamp. 


D. Vacuum Cleaner Parts List. 


1. Rubber band dust seal 31. Carbon brush holder 
2. Assembled motor | 32. Insulated screw cap 
3. Motor base plate 33. Insulating washer 
4, Motor cap | 34. Lock washers 
5. Lock washers 35. Bottom screws 
6. Screws 36. Base screws 
7. Spring housing 37. Baffle plate screws 
8. Spring 38. Baffle plate 
9. Spacing cup 39. Hex nut 
10. Bearing cup gasket 4O. Armature 
11. Ball bearing 41. Insulator 
12. Washer 42, Shaft sleeve 
13. Felt washer 43. Pulley 
14. Bearing cup 44, Field studs 
15. Motor housing 45. Caster fork assembly 
16. Motor base 46. Locking ring 
17. Bearing cup 47. Swivel caster 
18. Felt washer 48. Caster fork section 
19. Washer 49. Caster bracket 
20. Bearing 50. Lock washers 
2l. Bearing cup 51. Caster stud 
22. Spacing cup 5e. Caster shaft 
23. Filler 53. Rear wheel axle 
2h. Felt washer 54. Side wheels 
25. Bearing cover | 55. Cord bushing spring 
26. Screws | 56. Male plug 
27. Lock washers 57. Fibre bushing 
28. Motor base screws 58. Rubber bushing 
29. Name plate 59. Ventilating fan 
30. Carbon brush and spring 60. Suction fan. 
61. Field with contact springs. 
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HE. Summary Questions 

1. How would you describe a universal motor? 

2. Why is a universal motor recommended for use on vacuum cleaners? 

3. What is a concentrated winding? 


4, If you were testing the dielectric strength of the insulation would you apply 
DC or would you apply AC? Of what be apnea ae Ltt ae AC } 


hfe foe! bape h A , arte Sy te eo aa _ i) Aa 
ep Name Teas cunitiadann 4 ae the walveteal esien, he A ee wr 
6. What is a compensating winding and why is it used? 
{. For what speeds are cinteeaat motors usually designed? 
8, What do you think would be the most common trouble? Why? 
9. What is one outstanding procedure in the assembly of a ball-bearing motor? 


10. How would you check the field windings for defects? 
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BEARINGS 


Objective 


Instruction pertaining to types of bearings and their construction. A procedure for 
reaming bearings of small power motors. 


References 


Lesson Contents 
A. General 

1. The purpose of any bearing or bushing: 

a. To center the rotating member properly and allow it to rotate freely. 
b. To withstand load imposed on it, as long as machine is used properly. 

2. To enable the machine to operate quietly, develop adequate torque at desired 
power factor and efficiency, and not exceed temperature rise, requires a rea- 
sonably even air gap. This, of course, is dependent on the quality and type of 
bearing. | 


3. Any motor shop must give service on bearings. 


4, The maintenance and replacement of bearings is one of the most important phases 
of motor and generator maintenance. 


In the study of bearings we shall classify them into two types. 


a. Sleeve bearings. 
b. Ball and Roller bearings. 


B. Sleeve Bearings - Babbitt ana Bronze, Fig. a's 
1. Babbitt bearings. 
Babbitt is an alloy, made in two general types: 
a. Tin-base babbitt, used in bearings subject to high speeds, severe vibration 


heavy shock or impact loads. The alloy is made of tin, 89%, copper, about 
4% and antimony, about 7%. 
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b. Lead-base babbitt, used for general industrial applications. The alloy con- 
sists of lead, 754: tin, about 12.5% and antimony, about 12.5%. 


2. Bronze bearings. 


Bronze is an alloy which consists of copper, tin and lead, the percentages of 
each being a little different for the different applications. General purpose 
bronze bearings consist of approximately - copper 80%; tin 10%; and lead 10%. 
The cost of bronze bearings for general purpose applications will vary from 
13¢ each to $12.00 each. The price not only depends on size but also on quan- 
tity ordered. You can also buy bar bronze to enable’ you to cut your own bear- 
ings. Other types of bearings, other than general purpose bearings are: 


a. Flanged bearings, single or double Fig. 2, used where end thrust is a factor 
or where the flange locates or anchors thie bearing. 


b. Cast bronze graphited bearings, Fig. 3 are used where lubrication is diffi- 
cult or where lubricants might damage goods being processed. The graphite 
is imbedded in grooves cut in the inside of the bearing, however, the bear- 
ing is not used in applications where the shaft will exceed a peripheral 
speed of thirty feet per minute. 


c. Self-lubricating bearings, usually a sintered alloy, are not recommended 
where there is impact or shock. They are a porous alloy and will hold up 
to 35% of oil, by volume. | 


Sleeve bearings are made in both the solid and split sleeve typés, Fig 4. In 
either case the bearings form a sleeve with a very smooth Laie surface in 
which the shaft rotates on a thin film of oil. 


The inner surfaces of sleeve bearings are usually provided with oil grooves to 
allow the oil to flow more freely to all parts of the bearing sleeves, Fig. 6, 


. Troubles (Over heated bearings) 


Tight bearings. 

End shields out of alignment. 
Bent shaft. 

Dirt. 

Insufficient oil. 

Bearing up-side-down. 
Excessive belt tension. 

Rough shaft. 

Mis-aligned gears. 

Motor not level. 

Too heavy oil. 

Bad oil rings, bent, or flat spot. 
Hot commutators, heat transfer. 


RBrPPyeriRryoaaandos®D 


A frozen bearing is a bearing which has become stuck or locked due to overheat- 
ing. When a bearing becomes overheated, beyond a certain point, a thin layer 
of bearing metal surface becomes soft and partly molten. If the shaft stops 
turning when the bearing is in this condition, the bearing will cool and grip 
the shaft very tightly, usually making it impossible to start the machine again. 
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4, 


NEVER ALLOW THE MACHINE TO STOP until the bearing has been cooled. It can be 
cooled by applying a heavy grade of oil to the bearing while machine is still 
running. 


Maintenance 


The inspection periods will vary to. such an extent it is advisable to follow 
the manufacturers service specifications. Some bearings need not be drained 
and cleaned for six months intervals, others bi-weekly and a daily inspection 
on most important bearings. 


Items to check. 

a. Air gap - air gap gages are used. The air gap should be within 10% as mea- 
sured under like poles. Should be checked weekly on motors operating on. ex- 
cessive belt tension. 

b. Check for oil on windings. 

c. Check for oil splash on the floor below the machine. 

d. Check for excessive shaft play. 

e. Oil filler gages should be at about 1/8 of an inch from top, Fig. 7. 

f. Lubricants and all auxiliaries must be kept clean. 

g. Use good grades of lubricants. For sleeve bearings, oil is usually used, 
mineral oil. Its vicosity should be approximately 200 sec. SAYbolt @ 100%. 
This is a grade about like SAE 10, however, a good grade of turbine oil 
rather than automotive oil is advised. Wherever high temperatures are en- 
countered or heavy belt pull, use a heavier oil. 


h. Do not over-lubricate bearings. 


i. Check the condition of the oil well covers and drain plugs. 


. installation | 


The installation procedure for sleeve bearings is covered on the job procedure 
sheet at the end of this lesson. The line reamers are used to increase the 
bore in the bearing after it has been pressed or pulled into the bearing brack- 
et and to keep the bearings "lined up". This is necessary in all small motors 
because of the very small air gap. 


NOTE: Never expand a reamer while it is in the bearing. 
Never turn a reamer counter-clockwise. 


. Tools and equipment 


The tools and equipment necessary will naturally be dependent upon the size of 
motors to be handled and the number of motors handled. You can buy bushings in 
quantity and stock them, for the small-power machines. If the shop has a lathe 
it is advisable to purchase bar bronze for larger bearings. Below is a list of 
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tools and equipment which might be used. It covers items necessary for both in- 
stallation and maintenance. 


Line reamer, Two grades of babbitt Soldering pot & ladle 
Screw driver Steel and iron stock for Bar bronze 
Spin-tites mandrels and arbors Wool waste 
Raw hide mallet Air gap gauges Oils and greases 
Adjustable open end wrench Inside calipers Felt washers 
Bearing scrapers Outside calipers Wool wicking 
Bearing pullers (Fig. 8) | Micrometer Flux 
Gear pullers (Fig. 9) Arbor press Solvent 
Syringe Bearing blue 
. Summarization 


Watch bearings - use good lubricants - keep lubricants and bearings and bearing 
housings clean - check for temperature rise before leaving a new installation. 


Bushings can be replaced in all small power motors and some large power motors 
with only the first five items mentioned under Tools and Equipment. 


C. Ball and Roller Bearings, Fig. 10, 11, & 12. 


1. Construction 
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Ball and roller bearings have inner and outer rings or bearing races made of 
hardened steel and between which the balls or rollers run. The inner race is 
pressed tightly on the shaft and is held in place against the shoulder on the 
shaft by a clamping or retaining nut. The inner race turns with the shaft at 
all times. The outer race is held securely in the bearing housing in the motor 
end-shield. This race should always be stationary and it should not be allowed 
to rotate in the bearing housing. 


The balls and rollers of these two types of bearings are made of very hard steel 
and, if properly lubricated and kept clean, will last for many years. The balls 
are spaced and held in their proper positions by light metal cages to prevent 
them from bunching up and jamming in the race. 


Some ball bearings and assemblies, are sealed. Grease is not renewed in some 
cases, until after a period up to five years. In any case follow the manufactur- 
ers specifications. 

NOTE: A grease is a medium by which oil is delivered to a bearing. 

The greases used are made up of a base of metallic soaps, in combination with a 


mineral oil. As the grease becomes warm the mineral oil is freed from the soap. 
Greases are used in most ball and roller bearings. Grease is usually used:- 
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a. Where dripping of oil is undesireable. 
b. Wherever there happens to be large amounts of foreign matter in the air. 
c. Where extreme moisture conditions are encountered. 
Pressure methods are usually used for the application of greases. 
2. Troubles (Over-heated bearings) 
. Dirt - loose protective covers, seals, or dirty grease. 
. Binding - race must be assembled square with shaft. 
. Assembly replaced in wrong order. 
. Bad shaft. 
. Too much grease 


. Insufficient grease. 
. Worn bearings. 


meoeonwand® 


3. Maintenance, servicing, and greasing. 


The inspection periods will vary widely, however in general, the maintenance 
schedule on ball and roller bearings does not require as many checks per year 
as the echedule on sleeve bearings. You may use the check list which was given 
for the maintenance of sleeve bearings. Of course the lubricants will be diff- 
erent. 


Never remove ball or roller bearings from a shaft unnecessarily. When assemb- 
ling or removing these bearings from a shaft, exert pressure on the inner race 
if at all possible. The pressure must be applied evenly and parallel to the 
shaft. 


A bearing should not be removed from the package it was shipped in, until it 
is to be installed. Do not remove the grease from new bearings. A soap-base 
grease of sodium calcium and mineral oil (79%) the flow point being at least 
280°F. would be a good grease. A little harder grease could be used on small 
vertical motors. In double sealed, use only the grease specified by manufact- 
urer. 


NOTE: Do not mix greases. 


While a motor is disassembled, for over-haul, the bearings can be easily wash- 
ed with a grease solvent. Carbon tetra-chloride is a good noninflammable sol- 
vent which will disolve the grease quickly. All traces of grease solvent should 
be removed from insulation and the bearing housing, and it should not be allow- 
ed on the winding. Carbon tetra-chloride should be used in a ventilated room. 


To grease an assembled motor: 

a. Clean pressure gun and relief fittings. 

b. Free the hardened grease in pressure-ritting hole. 

c. Free the hardened grease in relief-plug hole in bottom of bearing housing. 
a. Fill a syringe with solvent and inject while motor is running. 


e. Continue until solvent runs clear. 
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f. Replace plug in bottom and inject solvent until it splashes in filling hole, 
allow to churn a few minutes, remove plug and drain. On above procedure have 
ventilating openings in the motor shielded to keep solvent from windings. 
Repeat until solvent runs clear. 

g. Motors should be greased while operating. 

h. Have clean greases. 


i. Always remove bottom relief plug and be sure hardened grease is removed. 


j. Add grease with hand operated pressure gun until it begins to flow out 
bottom. 


k. Allow to run for a while so the rotating parts can expel all excess grease. 


. Replace plug and wipe clean. 


Many ball bearing assemblies consist of several parts. When working on these 
assemblies, be very careful to replace parts properly. It is easy to make a 
mistake and if you do a bearing will go bad in just a few minutes. These 
assemblies might consist of felt washers, metal washers, gaskets, springs etc. 
The outer race sometimes has a wider face on one side than the other. It is a 
common fault of repairmen to fail to notice this. The wide face always faces 
out. Usually the manufacturer has his trade mark on the wide side of the outer 
race. 


D. Summary Questions 


io 
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The bearings usually used in small motors are of the split-sleeve type. True 
or False. 


Will worn bearings effect the power factor and efficiency of a motor? 


What types of elements are used in the construction of bronze bearings? 


What is the purpose of a flanged bearing? 


Name some of the methods of applying the lubricant to the shaft. 


. What is an oil groove? 


Name six of the defects in a bearing installation which would make the bearing 
over-heat. | 


. When pulling bearings from an end shield or bearing bracket, are they pulled 


from the outside in, or, from the inside - out. 


. What is a frozen bearing? 


. What procedure would you follow in servicing an excessively hot bearing? 


11 What is a "line reamer"? 
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MAGNETOS 


Objective 
To learn the fundamental principles of high-tension magneto construction and opera- 


t10n. 


References 


Lesson Content 
A. General 


The purpose of a magneto is to furnish the ignition for the compressed fuel charge 
in the cylinder of an engine. The time the ignition spark occurs may be accurate- 
ly controlled. The voltage must be sufficient to "break-down" the high resistance 
between the electrodes of the spark plug. 


One reason why magnetos are desirable for certain types of engine operation is 
that no auxiliary apparatus is required. The unit is complete in itself. Magnetos 
supply higher voltages at higher speeds, while the voltage developed by battery 
ignition, at higher speeds, will actually decrease due to the inductance of the 
primary winding of the ignition coil. 

Magneto ignition does have its limitations. The voltage output of a magneto, oper- 
ating at low speed, is much lower than when operating at high speed. To aid in 
starting, a device called an impulse coupling may be used with the magneto, to 
help supply the high voltage required. To accomplish this the rotating member is 
temporarily locked and the shaft, operating the magneto, compresses a spring. When 
tension is increased to the proper point, the catch holding the armature station- 


ary is released and the spring tension gives the magneto a quick "flip" that is 
sufficient to cause the magneto to produce a high voltage spark. 


nnn 
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B. Classification 
Magnetos may be divided into three types: 
1. The rotating armature type 
2, The rotating magnet type 


3. The moving iron type. 
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C. Construction 
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All magnetos require the following: magnets, coil consisting of a primary and a 
secondary winding, interrupter, condenser and a distributor. 


1. Magnets 


Fig. 1 shows a magneto of the rotating armature type. Note the permanent mag- 
nets used to produce the flux. They are known as "horseshoe" type magnets. 
Formerly magnets were made of an alloy of cobalt and iron, but research in mag- 
netic materials has lead to the development of more efficient alloys. For ex- 
ample "Alnico", an alloy of aluminum, nickel, iron, and cobalt, has great mag- 
netic retaining properties. Powerful magnets may be made from this material. 
Size for size, alnico magnets will exert more pull than magnets made of an 
alloy of cobalt and iron. 


The strength of the magnets of any one magneto determine the magnetos voltage 
output. A strong magnet that will maintain its magnetic properties over a per- 
iod of years is desireable. 


Attached to the poles of the magneto, shown in Fig. 1, are pole shoes that per- 
mit the lines of force to pass from pole to pole through the armature. Pole 
shoes are made of iron to reduce the reluctances of the magnetic circuit. The 
armature rotates between these shoes. The air gap between the armature and 
pole shoes is kept as small as possible. A clearance of from between .003" and 
.005" is an average value. The reluctance of the magnetic circuit through the 
armature will vary inversely as the thickness of the air gap. Thus a larger 
clearance in the air gap would increase the reluctance of the magnetic circuit 
and decrease the flux through the armature and would result in a lower output 
voltage of the magneto. 


A magnet should have a pull of around 20 pounds, when attached to a spring 
scale, to produce a good magnetic field. A horseshoe magnet with a cross-sec- 
tional area of $" x 13" may be charged until it will exert a pull of from 20 to 
35 pounds. No magneto can be expected to produce a strong spark with weak field 
magnets. One important point, like poles of the horseshoe type magnets must be 
placed side-by-side when more than one magnet is used for field flux. 


. Coil 


Fig. 2 shows the armature used in the magneto of Fig. 1. Due to its shape it 

is called a "shuttle" type winding. #1 indicates the coil consisting of a prim- 
ary and secondary winding. One end of the primary is grounded to the iron core 
while the other end is insulated and goes to the interrupter. #27 points to 

the collector ring, which ties to the insulated end of the secondary. The other 
side of the secondary is also grounded to the iron core. Note the bearings (#30) 
that supports the armature between the pole shoes. #29 indicates the shaft that — 
attaches to the engine driving the magneto. Another important point, direction 
of armature rotation is determined from the drive end of the armature. DIREC- 
TION OF ROTATION IS CLOCKWISE OR COUNTER-CLOCKWISE, DETERMINED FROM THE DRIVE 
END OF THE MAGNETO. #23 shows the gear that drives the distributor. #2 indi- 
cates the condenser. 


The winding may be considered as an autoformer with relatively few turns on 
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the primary and many turns on the secondary. Such a circuit is shown in Fig. 3 
while #1 represents the primary, #2 the secondary, #3 the interrupter, #4 the 
condenser, #5 a safety gap and #6 a switch. The primary winding will have an 
Ohmic resistance of between 3/4 and 1 ohm. The secondary winding will have an 
average resistance of around 3,000 ohms. The primary has an average of 100 
turns while the secondary has around 10,000 turns. 


. Interrupter 


Fig 4 shows the interrupter used by the magneto in Fig. 1. The purpose of the 
interrupter is to make and break the primary circuit. Note the breaker retain- 
ing screw. It serves a dual purpose, connecting the insulated side of the prim- 
ary to the insulated "point" and also holding the breaker plate assembly in its 
correct position. The opening and closing of the contact points is obtained by 
the interrupter lever. During rotation of the interrupter, the interrupter 
lever engages a cam causing the points to open. Points are normally held closed, 
by spring tension. The point attached to the lever is grounded. When the points 
open, the primary circuit is broken. Spring tension holding the points closed 
is approximately sixteen ounces. Maximum clearance between contact points, when 
the interrupter lever engages the cam, is usually between .012 and .OLD5.~ 


The cams are attached to the breaker housing. This housing is free to rotate 
approximately 60 degrees. By changing the relative position of the cams, it is 
possible to cause the points to open earlier or later during the revolution of 
the armature. This action times the magneto causing the high voltage spark to 
occur when desired. Experience has shown that when the edge of the shuttle has 
passed the pole shoe 1/16" maximim current flows in the primary. 


. Capacitor 


The capacitor is shunted across the points. Its purpose is to increase point 
life and cause a higher voltage to be induced in the secondary winding. When 
the primary circuit is broken, a spark results, and the capacitor absorbs this 
spark. Size of this capacitor is usually between .12 to .17 mfd. 


. Distributor 


Fig. 5 shows the distributor. Its purpose is to distribute the high voltage sur- 
ges to the spark plugs. A carbon brush, called the collector brush, carries 

the voltage of the secondary from the collector ring to the high tension pencil, 
whith makes a sliding contact with the distributor disc. The disc has a geared 
edge that engages a gear on the armature. A distributor head, consisting of 
segments of copper imbedded in insulation, fits over the distributor disc. Ter- 
minals connect to the segments. 


Different methods are employed to connect the high voltage surges from the dis- 
tributor disc to the distributor head. A sliding contact or a jump contact 
may be used, depending upon the design of the magneto. 


The gear ratio between the armature and distributor is dependent upon the num- 
ber of segments and the number of cams. Segments necessary will equal the nun- 
ber of cylinders. Also, the number of segments will equal the ratio of "teeth 
on the distributor gear disc to teeth on the armature gear". Thus a four 
cylinder engine would require a magneto with four segments. 
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If two cams were used, there would be two times as many teeth on the distribu- 
tor disc as on the armature gear. 


Another device called a grounded brush is used to complete the circuit from the 
grounded windings of the armature to the magneto frame. The races of the arma- 
ture shaft bearings are insulated from the magneto to prevent current from cry- 
stallizing the lubricants of the bearings. The ground brush is a carbon brush 
that makes a sliding contact with a machined surface of the armature. It is 
held in place by a spring. 


We may now trace two circuits from the armature. From the primary circuit. 
current can pass from the insulated side to the insulated point, to the ground- 
ed point and back to the grounded side of the primary. Another circuit could 
be traced from the secondary, collector ring, collector brush, high tension pen- 
cil, distributor disc, distributor terminal, external circuit (the spark plug) 
to the frame, the magneto grounding brush and back to the grounded side of the 
armature. 


The safety gap is another important device. Its purpose is to protect the sec- 
ondary winding insulation. It is connected parallel with te high voltage distri- 
bution system. Although construction differs greatly with different magnetos, 
the gap consists of two electrodes spaced about 5/16" a part. In case the sec- 
ondary circuit is not completed externally, the high voltage surge can jump the 
gap and complete its path to ground. It is designed to pass voltages in excess 
of 8,000 volts. 


D. Operation 


Fig. 6 represents a magneto of the rotating armature type, showing magnets, pole 
shoe and armature. One side of the shuttle has a dot so that the direction of rot- 
ation and its position, can easily be followed. In "A" the flux is passing from 
the north pole across the air gap through the iron part of the armature core, 
across the other air gap to the south pole and completing its path through the mag- 
net to the north pole. In this position the reluctance of the magnetic circuit is 
minimum and the flux movement maximum between the poles. Voltage and current in 
the primary are at minimum. 6 B shows the position of the armature after it has 
revolved 90°. Flux which was passing through the side of the armature marked by 
the dot is now passing across the shuttle ends of the armature. Lines of force 
which formerly were cutting the coil at maximum rate are now cutting at minimum 
because reluctance is now maximum. Flux which had been cutting from the dotted 
side to the unmarked side will soon be passing from the unmarked side to dotted 
Side. Or in other words, rate of change is greatest. Therefore the voltage of 

the primary is maximum. 


A glance at Fig. 8 gives a better idea of what takes place in the primary. At "A" 
the lines of force are taking the path as illustrated, i.e., from the north pole, 
to the dotted side of the armature, through the armature to a south pole. The 
number of lines of force have decreased due to the position of the armature. Con- 
Sider what will happen after the armature has rotated a few degrees in a clock- 
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wise direction. Flux will then be passing through the iron core from the unmarked 
end to the marked end (B). In other words rotation of the armature causes flux to 
decrease its movement through the coil to a minimun, (C) then to cut the armature 
from the ummarked side to the marked side and increase to a maximum as shown in 


When the rate of flux change is greatest, voltage in the primary is greatest. Ex- 
perience has shown that when the shuttle edge has passed the edge of the pole shoe 
1/16", maximum current of the primary is obtained. 


6C shows that flux movement is again maximum, but from the ummarked side to the 
marked side of the shuttle armature. Figure 6D shows flux movement again at mini- 
mum but 180° from the position of Figure 6B. Voltage and current are again maxi- 
mum, but in an opposite direction. When current is maximum in the primary, flux 
produced by the primary winding will also be maximum. The primary circuit should 
then be opened by point action. Flux collapsing across the secondary induces a 
high voltage in the secondary. 


Turn ratio between primary and secondary is about 50 to 1. However, the voltage 
ratio is much greater than fifty times the primary voltage due to the speed of ~ 
flux collapse. The capacitor aids in flux collapse and its action should be un- 
derstood. 


When the points open, flux collapsing and cutting the secondary, also cuts the 
primary inducing a voltage in the primary that tends to keep the primary circuit 
current flowing in the same direction. This self-induced voltage is an instan- 
taneous voltage that may reach as high as 200 volts. Such a voltage causes arc- 
ing of the points. As long as an arc is maintained across the points, primary 
current will flow through at a greatly reduced rate. Since current and flux are 
in phase, as long as current flows, there will be a certain amount of flux present 
in the primary. As long as current flows in the primary, there can be no complete 
flux collapse, necessary for high induced voltage in the secondary. 


To prevent arcing of the points a capacitor is shunted across them. The voltage 
that is induced in the primary can "bounce" into the capacitor easier than it can 
establish and maintain an arc across the points. The result is that when the 
primary circuit is opened, current flow stops and flux collapses immediately. 


The high induced voltage of the secondary is picked up by the collector ring 
brushes and distributed to the various plugs by the distributor. It is necessary 
to time the distributor disc so it will line up with the segment at the proper 
time. Each time a spark occurs the disc must move the distance between one seg- 
ment. The disc of the distributor has a "C" or "R" to indicate clockwise or right 
hand rotation, and an "A" or "L" to indicate left hand rotation. When one of these 
marks lines upwith a timing mark on the armature, the distributor is said to be 
timed for right or left hand rotation. 


The speed ratio between the four cycle engine driving the magneto and the magneto 


may be found by the formula 3. no. of cylinders 
no. of cams 


Fig. 7 indicates the three types of magnetos. "A" is the rotating armature, "B" 
the rotating magnet and "C" the moving iron type. 
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Fig 8 


The name rotating magnet type means that the magnet revolves and the coil remains 
stationary. See Fig. 7 "B". This type simplifies construction because it simpli- 
fies many of the parts needed with the rotating armature type. With each 180° of 
rotation of the magnet, the direction that flux cuts the coil is reversed. When 
reluctance is maximum and rate of change is maximum through the armature, the point 
are broken. This magneto has the advantage of a stationary armature and capacitor. 
The points do not revolve. A simpler arrangement of conducting the high voltage 

to the external system is possible. The development of better magnet materials 
such as "alnico" has resulted in the development of this type of magneto. 


Figure "C" represents the moving iron type of magneto. A permanent magnet is to 
furnish flux, when the revolving iron is in the position shown, the reluctance is 


minimum and flux movement between poles maximum. When the rate of change is max- 
imum the points should be broken opening the primary circuit. 


F, Summary Questions 
1. What is the purpose of a magneto? 
2. What are the advantages of magneto ignition? 


3. What are the disadvantages of magneto ignition? 


; 


three types of magnetos. 


. What is an interrupter? 
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is the purpose of the capacitor? What is its capacity in mfd? 


—~] 


. What is the purpose of the distributor? 
8, Approximately what is the air-gap in a magneto? 
9. What is the direction of rotation of a magneto? 


10. Is a primary and a secondary necessary on all magnetos? 
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MAGNETO TESTING 


Objective 


a. To learn of the trouble which may develop in magnetos. 
b. To learn how to disassemble and test a magneto. 


References: 
A. Magneto Service 


Magneto service might be best classified into two divisions, field service and 
shop service. 


Since there are so many different makes and models of magnetos in use it is diff- 
icult to develop a procedure of "trouble-shooting", testing and repair which would 
apply to all. The following procedures must be considered as general. By making 
use of specific service instructions, which are available from the manufacturer, 
in addition to the following general procedure, a satisfactory service should re- | 
sult. | 


1. Field service 


Field service work should be limited to minor repairs, adjustments and spark 
tests. 


Follow service directions carefully on the magneto under test. 


When you are called out on a service job, the following procedure is recommend- | 
ed. | 
| 


a. Upon receiving a call, ask for make and model number of the magneto. This | 
will allow you to take a few of the minor replacement parts with you. Many | 
service stations make use of a card file system of the magneto installations | 
in their territory. 

This service card could incorporate a magneto service record as well as name | 
of customer, address, application, make of magneto, model and serial number. 


b. Checking the strength of the ignition spark. This test is made while the 
engine is running by holding the end of each high tension cable, one-at-a 
time, about 1/16 inch away from its spark plug terminal. If the spark plug 
continues to fire the strength of the ignition spark is likely to be satis- 
factory. 


c. Test the magneto spark. Remove all high tension cables from the magneto. 
Insert a short piece of heavy wire in one of the cable outlets and move the 
other end to within about 1/8 inch of the engine block. Slowly crank the 
engine and watch for spark which should occur on the release of the impulse 
coupling. Repeat the test for each of the other outlets. If a strong spark 
occurs at each then check all high tension cables, terminals, and spark 
plugs, if no spark is developed, carefully check the switch and the ground 
cable. 


d. Carbon brushes. It is usually not necessary to remove the magneto from the 
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Ise 


engine for this check. Check all brushes. They should not be chipped, worn, 
or stuck. They should move freely in the brush holders. Spring tension 
should be sufficient. If doubtful on the ability of the brushes to function 
properly, replace them with new brushes. 


e. Breaker points. These should be observed carefully, for pitting, pyramiding, 
etc. You may use a small tungsten file or fine stone to correct above de- 
fects. Use a vise to hold the points while resurfacing. 


The points must be kept free from oil and grease. Carbon tetra-chloride is 
a good solvent to use for cleaning the point. A tooth brush comes in handy. 
If any doubt about serviceability of the points replace them with new point 
assembly. The contact gap must be used which is given in the manufacturers 
specifications, usually about .015 inch. This can be checked with a feeler 
gauge. You may check the spring tension by using a spring scale. 


f. Lubrication. Many manufacturers have developed bearings and lubrication sys- 
tems which will function properly for the life of the unit without oiling. 
There are others that will require a periodic attention, use a light highly- 
refined oil. Do not over lubricate. The oiling plate, on some magnetos, 
will give complete information concerning lubrication. 


g. Check the coil and the capacitor. The substitution test should be used 
whenever possible, i.e., remove old coil or capacitor and substitute one 
known to be good. 


h. Impulse coupling. Disconnect all ignition cables and slowly crank the en- 
gine. Listen carefully for the "snap" of the coupling as each pawl releases. 
If you cannot hear the above indication, the magneto must be removed and the 
impulse coupling checked and cleaned and repaired or replaced. This may in- 
volve the use of special coupling tools, such as: special wrenches and coup- 
ling hub pullers. 


. Maintenance 


Every 1000 miles on trucks and busses and every 100 hours on tractors and stat- 
jonary engines. Check for cleanliness and distributor brushes and interrupter 
contacts. | 


. chop service 


The shop should be kept clean and well-equipped. Oil, grease, dirt and grime 
are the most frequent caues of magneto "break-down". A clean and orderly shop 
is a foundation for "good will", it developS “customer confidence". Many 
shops make use of work cards which may be used in keeping a record of each mag- 
neto. These cards could also be used for billing purposes. Some of the items 
listed - customers names, manufacturer, type, model, serial number, application, 
date received, spark test, starting speed, idling speed, and normal speed; and 
the condition of exterior, interior, breaker points, brushes, capacitor, coil, 
coupling, distributor, and bearings. A space might be provided for "service 
work performed" on each of the above mentioned items, a "parts used" list, and 
"hours of labor" on the unit. | 


Since the amount and type of work handled in the shop is dependent on the ter- 
ritory served it is difficult to list the equipment necessary to produce sat- 
is factory work; however, a list of tools and equipment, that you may check, 
follows: 
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LIST OF MATERIAL. 
2 SOFT IRON CORES (ROUND) 4"x% 2", 
2 SOFT IRON TOPS 334'435%4x'R: 
1 SOFT IRON KEEPER 844'2350'x% . 


% FIBER OR BAKELITE WASHERS 
354'DIA. 2" HOLE. 346" THICK. 

4 FLAT-HEAD MACHINE SCREWS 
3a" DIA. 1'/e" LONG. 


s HEXAGON HEAD MACHINE SCREWS 
Ye" DIA. 1'/2” LONG. 


500 TURNS *144.5.C.E. MAGNET WIRE 
ON EACH CORE LAYER WOUND. 

9/2 LBS. COPPER WIRE ARE 
REQUIRED FOR THE WINDINGS 


WHICH ARE CONNECTED IN SERIES. 
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Fig. 1 - Magnet charger 
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Coil tester 

Capacitor tester 

Some arrangement for driving the magneto at slow, idle and normal speeds. 
A standard spark gap 

Arbor press or screw type press 

Magnet charger 

Standard hand tools (screw-driver, pliers, spin tites, wrenches, etc.) 
Special hand tools which are developed by the manufacturer; such as gear 
pullers, slotted wrenches, snap-ring pliers, etc. 

Replacement parts, a list of these may be developed by obtaining informa- 
tion as to the magneto types and applications in your territory. Check with © 
local tractor and engine dealers. 


j. A synchroscope or magnescope 
aha 


Other items, such as rags, lubricating oils and greases, solvents, etc. 


Shop procedure 


As 
B. 


Clean the magneto 

Mount the magneto on the “test block" and slowly turn rotor by hand. If rub- 
bing or binding is noticeable, other than "magnetic pull" it usually indi- 
cates bad bearings, distributor or interrupter assembly. Disassemble the 
magneto and correct the trouble. 


. If test "b" does not indicate the trouble then drive the magneto at about 


100 RPM, and also at a higher speed to check impulse coupling action. 
Connect the high tension cables to individual spark gaps and check spark at 
starting speed, idling speed and normal speed. At some time you should 
close the primary ignition switch and observe effect on spark. 


. Clean breaker points and check the assembly for wear. 
. Edge-gap, (E gap), lesson 17, is adjustment, - when the rotor is set with 


the proper E gap the breaker points should just beging to open. This checks 
for wear on breaker assembly. This check is especially important on older 
types of magnetos which did not make use of alnico magnets. 

Bearings - successful operation of magnetos is very dependent on good bear- 
ings. You will find ball, sleeve and needle (small diameter roller) bearings 
in use. Ball bearings, separable and nonseparable. To clean, use carbon- 
tetra-chloride. Compressed air is somstimes used after the carbon tetra- 
chrloride. 

To relubricate, immerse and spin the cleaned bearing in a clean light oil 
until the solvent is removed. If the bearing is grease lubricated it should 
be repacked about 1/3 to 1/2 full. 

Working with bearings is not difficult if you have the proper tools. The 
general precautions are the same as those given in lesson 16 of this manual. 


. Distributor rotors and discs - the surfaces of distributor rotors are fin- 


ished very carefully at the factory. It is not advisable to make use of 
Sandpaper or emery cloth. You are likely to mar the surface and consequently 
the carbon paths soon reappear. 

A clean linen cloth and carbon-tetra-chloride might be used to an advantage. 
A fine polishing paper is available from most manufacturers. 


. Leakage paths - causes are broken cables, poor connections, too high engine 


conpression, spark plug gap too.wide, moisture, dirt, carbon and corrosion 
in the magneto. A sruface leakage path can usually be found because of the 
burning effect that the high voltage spark has on the insulating material. 

It is best to replace any of these parts. 
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j- Test coils - this can best be accomplished with a commercial type of coil 
tester. Pssibly the best method of checking a coil is to measure primary 
current necessary to develop a standard spark discharge across the second- 
ary terminals. This value can then be checked against a chart. Check for 
leakage spark by holding a grounded plate near the outside insulation of the 
COLL. 

k. Test capacitor - a commercial type of capacitor tester will usually check a 
capacitor for break-down, leakage, capacitance and resistance. The circuit 
employs an a-c bridge circuit which supplies 350 volts a-c and about 500 
volts d-c by use of rectifiers for break-down test. 

1. Magnets - the horseshoe type of magnet may be easily charged on a magnet- 
charger made by specifications shown in Fig. 1. To charge the rotating 
magnet type, special charging blocks would also be necessary. Use keepers. 
Watch polarity. 


5. Disassembly of rotating armature type (Bosch) 


Remove the breaker-box cover 

Remove the distributor head 

Remove the dust shield 

Remove the collector plug and safety gap 

Remove the magnets 

Remove the grounding brush 

Remove the breaker plate screw and breaker assembly 

Remove the high tension pencil stabilizing ring 

Remove the nuts holding the bearing plate in position 

Remove the armature, large timing gear with high tension pencil attached and 
bearing plate, as an assembly, by tapping the drive end of the armature 
Shaft. 


Cre eH P'ORQ honRAaod @ 


The checking of the various parts involved in the above disassembly would fol- 
low the procedures previously mentioned in this lesson. Also refer to job 18. 


6. Reassembly 


The order in which the reassembly should occur would be the reverse of the dis- 
assembly procedure. There is, however, one very important item - SETTING DIS- 
TRIBUTOR GEAR. 


The distributor gear meshes with the armature gear. In order that the rotating 
contact or segment of the distributor will be at the correct position, when 

the breaker contacts open, it is necessary that these two gears must be meshed 
properly. Manufacturers have placed small punch marks on the edges of the’ gears. 
Refer to Fig. 2A. 


Magnetos are often arranged so that, by making about two changes, they can be 
driven clock-wise or counter-clock-wise. The direction in which you wish to 
drive the magneto will determine how you will mesh the gears. If the magneto 

is for clock-wise rotation, the "C" mark on the distributor gear should "line 
up" with the mark on the armature gear. If the magneto is to be driven counter- 
clock-wise, the "A" (Anti clock) mark should be lined up. Remember, the dir- 
ection of rotation is taken when viewing the magneto from the drive end. 


If the marks on the gears have been destroyed, set the breaker housing in mid- 
position, i.e., half-way between full advance and full retard. Now turn the 
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magneto armature in the normal direction of rotation until the fibre block on 
the breaker arm is just moving up on the cam and opening the contacts. Then 
rotate the distributor gear to a point where the brush is in the middle of the 
segment, Fig. 2B. While making sure that the armature gear and the distributor 
gear maintain these positions, move the gears into mesh with each other. 


To check the setting move the breaker housing to the full retard position and, 
turning the armature in the proper direction of rotation, see if the brush is 
still on the segment with the breaker contacts open. Make the same test on full 
advance position. The brush should be on the segment in both positions. 


TIMING THE MAGNETO TO THE ENGINE set the engine so that #1 piston is at the top 
dead center on the compression stroke. Fully retard the magneto breaker hous- 
ing and turn the magneto armature in the normal direction of rotation until the 
distributor brush is on segment #1 of the distributor cap and the breaker con- 
tacts are just beginning to open. Then connect the magneto to the engine by 
the drive coupling, being very careful not to allow the armature or distributor 
to change position while making the connection. 


B. Summary Questions 


cm 


ee 


3. 


LO. 
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If you were called-out on a job, what would you do first? Explain. 
What would you check first, at installation? 


How would you check magneto spark? 


. What tools and equipment might be necessary to service breaker assembly? 


. Should the magneto be lubricated every 1000 miles or should it be lubricated 


every 100 hours? 


- How would you check the coil of the magneto? 
- How would you check the capacitor? 
. What type of solvent would you use for cleaning parts? Why? 


. What are distributor gear timing marks? Explain. 


How would you connect a magneto to an engine? 
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AUTOMATIC FURNACE CONTROLS 


Ob jective 


To learn the fundamental principles of automatic furnace control, to be able to trace 
a typical control circuit and wire up a control. 


References 


Lesson Content 


A. Construction 


1. Day and night thermostat, Fig. 1 


e% 


The day and night thermostat consists of two thermal strips or thermostats, one 
for day and one for night operation. The spring tension on the thermal strip 
may be varied by the dials on top of the control. This will change the temper- 
ature at which the contact on the thermal strip makes contact with the bottom 
stationary contact, closing the circuit to the control motor. 


An electric clock is used to operate the trip wheel by means of a gear train. 
The trip wheel moves the movable contact to close the circuit to either the day 
or the night thermal strip. If it is desired to keep the day temperature late 
into the night a little lever on top of the thermostat housing may be moved to 
the "day" position. 


Damper control. 


The damper control consists of the motor which operates a gear train to which 
the arms are attached which raise and lower the draft and damper of the furnace. 
On the same shaft as the arms is a "switch wheel: which has a conductor built 
into it and is insulated from the wheel. Against this "switch wheel ride four 
"finger contacts" through which different circuits are completed. 


The selector knob operates a movable contact to three stationary contacts. These 
contacts are to open draft, close draft, and for thermostat operation. 


In this control we also have a small transformer to step the voltage down from 
115 AC to 24 volts AC 


3. Limit or fan control for hot air furnaces. 


The limit control consists of a movable contact which makes contact with either 
of two staionary contacts. The movable contact is actuated by a thermal strip 
located in the bonnet of the furnace. It also has an adjustment so that the heat 
limits may be varied. 
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B. Operation 


138 


l. Day & Night Thermostat 


a 


Turn the selector switch to "Thermostat", turn the day and night thermostat to 
the desired temperature and close the power switch. "Open draft" and "Close 
draft" positions are for manual operation. These would be desireable when 
cleaning out clinkers or when putting in coal. 


When the room temperature is below the thermostat setting the thermal strip 
will bend down making contact with the bottom stationary contact. This closes 
the circuit and the motor begins to run thereby starting to open the draft and 
close the damper. The "switch wheel" then begins to turn. After turning a 
short distance #1 finger makes contact and supplies the current direct rather 
than through the thermostat control. When the "switch wheel" has made one half 
revolution the conductor has passed #1 finger, this breaks the circuit and the 
motor stops with the draft in the open position and damper closed. 


When the room temperature has again reached the temperature for which the ther- 
mostat is set the thermal strip springs upward and makes contact with the top 
stationary contact. This again closes the circuit. The motor starts turning 
thereby closing the draft and opening the damper. The "switch wheel" also turns 
and, after a short distance, #1 finger again makes contact and supplies the cur- 
rent as before. After one-half turn the conductor again passes #1 finger and 
the motor stops with the draft closed and damper open. 


. Limit or fan control 


The limit or fan control is used to protect the furnace from high temperature 
and warping the fire chamber. This control is located in the bonnet of the fur- 
nace. 


The limit control has a moveable and two stationary contacts. The bottom and 
moveable contact are connected in series with the thermostat control when the 
furnace is not overheated. When furnace becomes overheated the thermal trip 
will turn the limit control mechanism. This will break the bottom contact and 
close the top contact. The thermostats are now shunted out and also the circuit | 
to the control motor is closed. As the motor turns it will again close the 
draft and open the damper as before. 


When the temperature in the bonnet has cooled, below the "low" setting, the 
thermal strip has again rotated the control mechanism far enough in the opposite 
direction to open the top contact and close the bottom contact. This again 
puts the thermostats into the circuit. 


The mercoid control operates on steam pressure rather than heat. In hot water 
systems it operates on the heat of the water. 


Day and Night control 
The switching from day to night is automatic and operates, by means of the 
clock through a gear train to the trip wheel. The trips on this wheel may be 


set for any desired time. For day time control the trip will flip the moveable 
contact in the direction as indicated by the arrow. When the bottom trip comes 
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around it will flip the contact to the night position as indicated by the arrow. 
The current will now flow through the night thermostat. 


If it is desired to continue the day temperature later into the night than the 
time for which the trip is set, the manual shift on top of the clock may be 
shifted from "auto" to "day". This shunts out the "night" thermal strip and 
the unit will continue to operate on the "day" thermostat. 


4, Installation - Install as per manufacturers instruction sheets. 


C. Troubles, maintenance and service calls 


As mentioned before, these controls should give very little trouble when installed 
and operated properly.. 


In the first place the thermostat will usually have an adjustment to increase or 
decrease the differential between the temperature at which the control opens the 
draft and the temperature at which the draft closes. For more economical fuel 
consumption and to avoid excessive wear from frequent running of the control, the 
differential should be set for at least one and one-half degrees Fahrenheit. 


A mistake that is sometimes made is to hook only the draft to the control and leave 
the damper off. The control is so made that the load on each end of the shaft 
should be balanced. When the weights on each end are the same the motor will only 
have to overcome the friction of the gear train. On the other hand if only the 
draft is connected to one end of the shaft, the motor will also have to lift the 
weight of the draft door. This may overload the motor. If it is desired to oper- 
ate the control without the damper connected, a counter weight should be hung on 
the "NO Load" end to balance the load. If the damper door is lighter than the 

draft door enough weight should be added to the damper to balance the load. 


The gear train will be usually greased properly when received from the supplier. 
The bearings will usually come packed so no greasing is necessary. If there are 
some oil holes they should of course be oiled with two or three drops of light 
machine oil each season. The motor will often have a felt wick surrounding the 
bearings. In this case one drop of light machine oil once or twice a season should 
keep the bearings well lubricated. In making service calls always take care of 
this oiling. 


During the summer or when the control is not in use it should be well covered to 
keep out the dust. In the event the oil and greases become gummy and the operation 
is sluggish, it may become necessary to wash out the gear train with carbon tetra- 
chloride and gasoline and then regrease the gears with an adhesive grease. 
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D. Testing 
When making a service call check to see that there is current up to the transfor- 
mer. It is possible that a fuse may have blown in the circuit to which the control 
is attached. | 
Check to see if there is voltage on the secondary side of the transformer. This 
will usually be 24 volts. From this point a continuity test will be necessary. 
Here is where a circuit diagram will be very handy. Always check for loose con- 
nections. 
Under normal operation the contacts of the thermostats will not open while current 
is flowing. Thus, the contacts should not become burned or pitted. It is, however, 
necessary to see that the contacts make good contact. A permanent magnet is often 
used to hold the thermostat contacts more securely together. If the controls do 
not make good contact check this magnet. 
If the "day" and "night" settings do not function properly, check these contacts, 
and then observe closely the trip that operates these contacts. The projections 
on this trip may have come loose. 
The electrical contacts that "break" to stop the control, are located on the "fin- 
gers" which make contact with the switch wheel. It is possible that these finger 
contacts may become burned and not make a good electrical contact. 

E. Summary Questions 
1. What is a thermal strip? 
2. What is the function of the day-night thermostat? 

What is the purpose of a "damper control"? 

What is the purpose of a "limit control"? 

What is the purpose of a "fan control". 

Should the damper close when the draft opens? Why? 

Are any circuits interrupted by the thermostats? 


In what order would you check a defective installation? 


0 MD ANY FY 


How could you improve the system, shown in Fig. 1.? 
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DISASSEMBLY & REASSEMBLY OF SMALL POWER MOTORS 


Ob jective 


To 


understand the importance of lining up the rotating members (rotor or armature) in 


the magnetic center of the field. 


References 


Lesson Content 


A. 


General 


Many motors are manufactured with a certain margin of clearance between the rotat- 
ing member and the inside shoulders of the bearings. This clearance is not satis- 


‘factory in service, but it is done strictly for manufacturing reasons. To take up 


Lhe 


this extra clearance or end play, washers are used. 


On horizontally mounted motors, that have no end thrust due to the load they are 
driving, you will usually find fiber washers. 


Where end thrust is encountered, due to the nature of application, bronze washers 
are usually used. In some cases steel shims may be used. Bronze or steel will wear 
better than fiber, and is used where the nature of application demands it. Where 
no end thrust is encountered in the motor, it is always advisable to use fiber 
washers. The motor will have a tendency to be somewhat quieter when equipped with 
fiber washers. 


On some vertically mounted motors that use ball bearings of the "end thrust" type, 
shims may be found between the outside of the bearing and the shoulder in the end 
bell that the bearing rests against. 


Regardless of the material from which these shim type washers are made, they will 
usually come in different thicknesses to facilitate easy "shimming" of the shaft. 
Before a motor leaves the factory the rotating member is shimmed with the right 
amount and thickness of shims on both ends. This is a very important phase of the 
inspection procedure for the following reasons: 


1. Only when the stationary and rotating members of the motor are properly aligned 
can the maximum flux travel from the stator to the rotor. Only under this condi- 
tion can the motor develop the torque for which it was designed; and only under 
these conditions will the motor operate with the least amount of magnetic "hum". 


2. When the rotor shaft is shimmed properly, the moving part of the centrifugal 
switch will make contact with the stationary part. When the motor comes up to 
approximately 75% of full speed the switch will "cut-out", that is, the contacts 
will open from force exerted by the centrifugal weights. 
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B. Troubles, Testing and Repair 


Misalignment is one of the reasons why washers will wear more on one side than on 
the other side. This happens very often where belts are used. A slight misalign- 
ment will cause the rotor to be pulled toward one of the end bells, and consequent- 
ly wear the washers on this end. 


To determine the exact number and thickness of washers to use,the following proce- 
dure is recommened: 


Lia 


First remove all the washers, reassemble the motor, and then start the motor. 
Motors equipped with centrifugal switches will probably have to be started by 
giving the shaft a twist, because when all the washers are removed, the centri- 
fugal switch will usually be open. 


After the motor comes up to speed the rotor will automatically line itself up 
in magnetic center far more accurately than anyone could predetermine. A sharp 
tool may be held against the shaft and flush with the end bell. This will mark 
the shaft. 


. The next step is to dismantle the motor, and place a sufficient amount of shims 


on the marked shaft, so that the mark will be flush with the end bell when the 
end bell is on the rotor and pressed all the way in. 


After that it is a simple matter to put shims on the other end of the shaft to 
take out the rest of the play. 


C, Summary Questions 


As 


a 


Why does a motor lose torque when rotating member is not in "magnetic center"? 
. ft 


Why are bronze or steel washers used on some motors? 


. If the motor is not aligned with the load, what effect will this have on the 


motor? 


. If there are not enough washers on the shaft, opposite the switch end, what is 


the possible result? 
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ARMATURE EQUALIZER CONNECTIONS 


Objective 


To learn the construction and testing of equalizer connections. 


References 


Lesson Content 


A. Definition 


Equalizers, sometimes called "cross connections" or "equi-potential connections", 
are conductors which connect together, those points which have the same polarity 
and which should have equal potential. 


B. Applications and Purpose 


1. Equalizers are used on lap wound armatures. You will find them on the small- 


power motors and large-power motors. 


. Equalizer connections provide better commutation by preventing circulating cur- 


rents in the brushes. They make possible the use of only two brushes on the lap 
wound armatures. They also decrease any unbalanced magnetic side pull on the 
armature. 


C. Construction 


an 


1. Fig. 1, shows a flat diagram of a lap wound armature. It has 24 slots and 24 


pars (single element). It is a simplex, progressive winding. 


The equalizers are permanently connected to the commutator and may be about 
50% the cross-sectional area of the armature conductors. 


. Those points on an armature which have the same polarity and which should have 


the same potential can be determined by the following expression 360° where 
P= number of poles p/2 


360° = mechanical degrees 


Coyne Electrical School TA-T&R-47 


Lesson No. 21 


Testing & Repair 


m~-—- we He 


# 
i 
4 pro-<«rrry*= \ 
4 7 YX 


a in te an 


Fig. 1 -Armature equalizer con- 


nections 


Fig. 2 


V45 


Coyne Electrical School 


TA-T&R-4:7 


Lesson No. 21 Testing & Repair 


Examples: a four-pole winding = 360° = 180 degrees 
2 


= 120 degrees 


. O 
A six-pole winding = 360° | 
3 


= 90 degrees, etc. 


An eight-pole winding , = 3600. 


The number of bars sp Ee Es the equalizer will be equal to bars divided by 


In Fig. #1, for example, since bars equals 24 and there are 4 poles, the equal- 
izer pitch equals 24 divided by 2 or 12. 


This means that one end of an equalizer would connect to bar "1" and the other 
end of the equalizer would connect to bar "13", or bars "2" and "14" or bars 
sees ad and "19" ‘i etc. 


The equalizer pitch as given above, for any other number of bars or poles, 
would be determined by the same method. 


. Fig. 1 shows 100% equalization, i.e., there is an equalizer connected to each 


bar. On some machines you may find some other percentage of equalization. 


Fig. 2, when completed, shows 50% equalization. Many armatures make use of about 
30% equalization. 


The spacing of the equalizers for any percentage of equalization other than 100% 
will equal the reciprocal of the percentage wanted. 


Example: spacing for 50% equalization 1 =2. See Fig. 2 when completed. 


D. Testing. 


146 


1. To test an armature with equalizers, voltage must be applied to the armature 


from an external low-voltage d-c supply. The test leads must be connected to 
commutator segments which are one-half the equalizer pitch part, Fig. 1. 


Since the equalizer pitch, in Fig. 1 is twelve segments, the leads will be 
spaced six bars apart, or "1" and "7". Any pair of bars so spaced may be used 
in a fully equalized armature. Bars "13" and "19" are being used in the diagram. 


The value of the test current is adjusted to give satisfactory deflection on 
the milli-voltmeter. Volt-drop readings are taken between all adjacent pairs 
of segments. These readings are interpreted in the usual manner, low readings 
indicating shorts, high readings indicating opens or possibly high resistance 
connections. When tracing the winding in Fig. 1 and also by actual test, it 
will be noted that if the readings from bars "13" and "19" are forward, then 
the readings from "19" to "1" will be backward. 


Coyne Electrical School TA-T&R-4-7 


Testing & Repair | Lesson No. 21 


This is a normal indication obtained in all windings. 


It is to be noted: SUCH AN ARMATURE, IF TESTED ON A GROWLER, WILL GIVE A SHORT- 
ED INDICATION ON ALL COILS. | 


The reason for this can be seen by tracing from bar "1" through the coil to bar 
"Oo", through the equalizer to bar "14", through the coil to bar "13" and back 
through the equalizer to bar "1". Thus every coil on the armature is appar- 
ently short circuited by having another coil placed in series with it through 
the equalizer connections. 


E. Summary Questions 


adi 


a 


Oo ON DW WV 


10. 


Define the term "equalizer". 


If you connected together those points on an armature which were not of equal 
polarity what would be the result? 


Are equalizers used on lap or wave wound armatures? 

What is the purpose of the equalizers? 

Is it possible to use fewer brushes if equalizers are used? 
Can you test an equalized armature in a growler? 

Where are the equalizers placed? 

How would you test an equalized armature? 


Where would you apply the leads for testing purposes 2n a 6-pole, 36-slot arma- 
ture? 


How far apart, in mechanical degrees, would the bars be in an eight-pole machine 


which were of equal polarity and which should be of equal potential. 
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FAN MOTORS & SPEED CONTROLS 


Objective 


To learn how to identify different types of fan motors and types of speed controls 
used. | 


References: 
Lesson Content 
A Series Fan Motors 


A series d-c motor may be operated on alternating current of equal voltage by de- 
creasing the reactance of the field. This may be accomplished by decreasing the 
number of turns in the field coils. To produce good torque with a amall amount of 
current, a large number of armature conductors are used. 


Speed control on early designs of fan motors was obtained by shifting the brushes 
away from the neutral position. The later designs use a resistance in series with 
the winding to decrease the voltage applied to the motor winding, Fig. 1. This 
causes a reduction in the speed. Taps at different points on the resistance may 
be used to give the desired speed change. 


The motor core must be laminated for use on alternating current. Laminations are 
necessary to prevent overheating which would result from eddy current losses. 


B Induction Type Fan Motors 
The earliest type of induction motor used, for fan duty was the shaded pole type. 


Compared to rotors of power motors, fan motor rotors have higher resistance to give 
a reduction in speed of the fan when the flux density in the field poles is de- 
creased. Speed change on induction fan motors is obtained by reducing the voltage 
applied to the stator winding. This reduced voltage decreases the current and thus 
decreases the flux density which allows a greater slip of the rotor. 


The voltage applied to the winding is reduced by use of a resistance or choke coil 
connected in series with the winding, Fig. 2. 
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C. Distributed Pole Fan Motor Windings 


The laminated field pole with several slots per pole, allows for the distribution 
of the winding across the face of the pole. 


There are two types of starting windings used on distributed main field windings: 


The permanently connected and the type which is used only during the starting per- 
iod. Fig. 3. 


D. Motors that have Three Windings and Operate on Single-phase Circuits. 


The fan motor diagram in Fig. 4, has three windings in the field. These windings 
are connected at a common point in the motor. The windings are usually spaced 
somewhat similar to three phase windings. The resistance and reactance connected 
in the circuit is proportional so that the current flowing through winding" A" 
divides between "B" and "C" in such a manner that the field flux has the rotating 
characteristics of a three-phase motor. The resistance in winding "C" is placed 
in the motor winding by using a smaller size wire. Since the current in the high 
resistance circuit leads the current in the reactance circuit and the combined 
current passes through "A", the flux of winding "C" leads the flux of winding "A", 
also the flux of winding "A" leads that in winding "B", thus the direction of ro- 
tation is from "C" to "A", 


Speed regulation with a winding of this type is usually obtained by having more 
turns in the choke coil, which is in series with winding "B", than are needed for 
the reactance necessary for high speed. Taps in these added turns are arranged 

so that they can be placed in series with the total winding of the motor including 
the resistance and reactance. This reduces the voltage applied to the winding and 
reduces the speed of the motor. 


E Induction Fan Motors with High Starting Torque. 


The latest type of fan motor winding is one that develops a high starting torque, 
high efficiency at running speed without a cut-out switch and with a large speed 
reduction. See Figure 5. 


This motor employs a transformer with the primary winding connected in series with 
the main winding and the secondary connected across the starting winding. The 
characteristics of the transformer are Similar to those of a series transformer 
with reactance in the secondary circuit. When a motor with this hook-up is con- 
nected to the line, the current through the main winding flows through the primary 
of the transformer and the induced secondary voltage is applied to the starting 
winding of the motor. The voltage lag of the secondary behind the main current in 
the primary, plus, the lag caused by the inductance of the starting winding, caus- 
es a large phase angle between the currents in the main and starting windings. With 
properly designed transformer the angle between these two currents on starting is 
approximately ninety electrical degrees. In operation this angle will change slight- 
ly but is always great enough to assist the main winding. 
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To reduce the speed more turns are placed in the primary of the transformer. This 
has the effect of. adding reactance in series with the main winding to reduce the 
flux density of the field. Also since the iron in the transformer is worked at 
high flux density, the added turns in the primary with the decrease of primary cur- 
rent have the effect of keeping the secondary voltage of the transformer approxi- 
mately constant. This makes a high starting torque at low speed and a wider speed 
variation. 


1. Correcting trouble 


NOTE: With the induction type fan motor it is general practice to wind the sta- 
tor of six blade fans for six poles and four blade fans for four poles. 
The motor windings are single-phase split-phase type and the load must 
be kept within the pull-out torque of the motor. The synchronous speed of 
of four pole, 60 cycle motors is 1800 RPM and six pole, 1200 RPM. If a 
six blade fan is put on a four pole motor the speed of the blade will be 
increased 50%. The power required to turn the fan varies as the cube of 
the speed and this would cause the motor to be overloaded, resulting in 
over-heating of the motor. 


Use the correct number of fan blades! 
2. Testing the speed control for trouble 


a. Use meter and make a continuity test or check, with a voltmeter, the voltage 
on the motor side of the control. 


b. Connect the voltmeter on the motor side of the control and move the lever 
arm across the contacts. If the control winding is shorted out, there will 
be no change in voltage. If the control is found to be defective it should 
be replaced. 


F Multi-speed Capacitor Motors 


1. Application 
a. This type of motor is used in a large number of fan and blower applications 
where speed control is considered essential. Usuaully it is desireable to 
operate a unit heater at a high speed to obtain quick initial "warm-up" and 
then reduce the speed after the room is warm. The capacitor motors seem 
best adapted to this type of service. 
2. Construction and operation 


a. Types of controls 


There are, in general, two ways to control the speed of these motors. One 
is by voltage control on either or both the auxiliary and the main winding. 
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The high speed operates on the higher voltage and when a lower speed is re- 
quired the voltage is lowered, usually, by an auto-transformer. Diagrams 1, 
2, and 3, show schematically how these voltages are varied. 


The second method of speed control varies the number of effective conductors 
in the main winding. 


Referring to diagrams 4, 5, 6 and 7, it will be noticed that there is an 
additional winding called an intermediate winding which is used across the 
line when a speed change is desired. This type of control will only operate 
at two different speeds while the voltage control will usually give four 
different speeds. 


b. Voltage control method 


In an induction motor, the torque developed, at any given speed, is propor- 
tional to the square of the applied voltage. By reducing the voltage applied 
to the field the slip of the motor can be increased. In other words, a strong 
field will cause the rotor to turn at a higher speed, with less slip, than 
will a weaker field. This is true because a strong field will induce more 
eddy currents in the rotor for any given slip. 


The torque developed by the rotor is proportional to the product of the field 
strength and the rotor currents. The field strength is varied by changing © 
the voltage. 


c. Speed control by varying the number of effective conductors. 


This tapped-winding capacitor motor speed control is similiar in principle 
of operation to the voltage control method. This motor likewise varies the 
slip by varying the field strength; but this motor changes the number of 
effective conductors in the main winding and not by changing the impressed 
voltage. The field strength of any given induction motor, at a given fre- 
quency is proportional to the volts per conductor. 


The tapped-winding capacitor motor has three windings, which are called main 
winding, intermediate winding, and auxiliary winding. Refer to diagrams 
4,'S, & and 7; 


The intermediate winding is usually wound on top of the main winding in the 
same slots with the same distribution, but not necessarily with the same 
number of turns or the same size wire. The auxiliary winding is displaced 
ninety electrical degrees from the main and intermediate winding and does 
not use a centrifugal switch. 


There are twotypes of connections used with this type of motor. Diagrams 


4, 6, and 7 show how the "L" connections are made and diagram 5 shows a "T" 
connection. 


d. Installation and auxiliaries. 
Switeh and auto-transformers are usually in the same unit and mounted separ- 


ately from the motor. They may,in some cases, be mounted on the front of the 
motér if the auto-transformer is a small unit. Since it is usually a large 
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unit it would restrict too mich air from passing over the motor therefore , 
it is usually mounted separately with leads running from the motor to the 
auto-transformer unit. 


The motor has the fan connected directly to the motor shaft. Ths motor is 
secured directly to the frame of the unit heater. 


e. Testing and servicing. 


Check for continuity through all leads to the switch. 

Apply 110 volts to auto-transformer terminals, using a fuse in series to 
check for a possible short circuit in the transformer, and turn the switch 
to each of its positions. 

Only a small current will be drawn, hardly large enough to detect on a one 
ampere ammeter. 

Connect a voltmeter to the terminals of transformer with 110 volts applied. 
The voltage should be high, medium and low depending upon the switch position. 
The motor can be serviced like a conventional capacitor motor. 

Very little trouble can be encountered with the "L" or "T" connection as a 
transformer unit is not required. The switch or capacitor will possibly be 
the most likely to give trouble. 


G. Summary Questions 


La 
ee 


3. 
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Define concentrated and distributed field windings. 
How would you test a speed control for a short? 


If the speed of fan did not change, when lever arm of control was moved, what 
fault would this indicate? 


. What indication would worn bearings give? 


What is the difference in construction between a squirrel cage rotor for a fan 
motor and a large power motor? 


What are the two types of speed controls used in multi-speed motors? 
What is the reason for having a speed control on a capacitor motor? 
Why does changing the voltage change the speed? 

What is the purpose of the intermediate winding? 


Does the motor mentioned in question 9 have a centrifugal switch? 
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MOTOR INSTALLATION 
Ob jective 


To learn a procedure for determining the specifications on the installation of a 
motor. 


References 


Lesson Content 
A. Definitions, National Electric Code. 


1. Feeder - Any conductors of a wiring system between the service equipment, or 
the generator switchboard of an isolated plant, and the branch circuit over- 
current device. 


2. Feeder over-current protection - Those devices intended to protect feeder con- 
ductors supplying motors against over-currents due to short circuits or grounds. 


3. Branch circuit - That portion of a wiring system extending beyond the final 
over-current device protecting the circuit. 


4, Motor branch-circuit over-current protection - Devices intended to protect the 
motor branch-circuit conductors, the motor control apparatussand the motors 
against over-current due to short circuits or grounds. 


5. Disconnecting means - Are devices or means whereby the motor and the controller 
may be disconnected from the circuit. 


6. Motor-running over-current device - Devices intended to protect the motors, the 
motor-control apparatus, and the branch-circuit conductors against excessive 
heating due to the motor over-loads. 


7. Motor-controller - when interpreting the code, the term "controller" includes 
any switch or device normally used to start and stop the motor. Each control- 
ler shall be capable of starting and stopping the motor which it controls, and 
for an a-c motor, shall be capable of interrupting the stalled-rotor current 
of the motor. 


8. Device - a Unit of an electrical system which is intended to carry, but not con- 
sume electrical energy. | 


9. Switches 


a. General-use Switch - a switch intended for use as a switch in general dist- 
tribution and branch circuits. It is rated in amperes and is capable of in- 
terrupting its rated current at its rated voltage. 


b. Isolating switch - a switch intended for isolating an electric circuit from 
the source of power. It has no interrupting rating and is intended to be 


& 
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operated only after the circuit has been opened by some other means. 


c. Motor-circuit switch - a switch, rated in horse-power, capable of interrupt- 
ing the maximum operating over-load current of a motor of the same horse- 
power as the switch, at the rated voltage. 


10. Fuse - a fuse is an over-current protective device with a circuit opening fus- 


dls 


ible member directly heated and destroyed by the passage of over-current through 
it. (A,S.A.) 


Circuit breaker - a circuit breaker is a device for interrupting a circuit bet- 
ween separable contacts under normal or abnormal conditions. Ordinarily cir- 
cuit breakers are required to operate only infrequently, although some classes 
are suitable for frequent operation. 


B. Determining Specifications 


156 


Refer to article 430 and diagram on page 366 of the National Electric Code. 


1. To determine the proper specifications on the different units involved, the sec- 


3. 


tion numbers are given. Article 430 consists of eighty-four different sections 
and to check each of these, every time a motor is installed, is not necessary. 
The code has provided tables and thereby condensed much of the material under 
article 430. 


. Tables 21 to 24, inclusive, list the average currents of motors from their 


horsepower rating. After determining the current rating from the above tables, 
refer to table 20. In table 20 you will find the current ratings for the branch 
circuit over-current device, the motor over-current protective device and the 
size of the conductors necessary for most installations. 


We must determine the "motor controller", "disconnecting means" and method of 


grounding if used. 


a. The American Standards Association defines an electric controller as "a de- 
vice, or group of devices, which serves to govern, in some pre-determined 
manner, the electric power delivered to the apparatus to which it is con-. 
nected". 


The expression "motor controller" is usually applied to devices which regu- 
late speed as well as start and stop the motor while a device used only to 
start and stop the motor is usually referred to as a "motor starter." 


(1) Refer to section 4383 (N.E.c ) (4%) Check section 4403 (N.E.C.) 

(2) Check section 4407 (N.E.C.) (5) Check section 4436 (N.E.C.) 

(3) Check section 4402 (N.E.C ) (6) Check section 4437 (N.E.C. ) 
(7) Check section 4438 (N.E C.) 
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4, Example: Determine the specifications on the installation of a 3-phase a-c 
general purpose, squirrel cage motor. It is rated 1s horse-power, 440 volts, 
no code letter. It is a class "A" motor, i.e., a normal torque, normal start- 
ing current motor. 


Determine - a. Motor branch circuit conductors 

. Motor branch circuit over current protective device 
Disconnecting means 

. Motor-running over-current device 

. Controller 


onanwe 


Procedure of solution: a. Check table 24 (N.E.C.) to determine full-load current 

rating of motor; equals ll amperes. 

b. Check table 20 (N.E.C ) to determine: 
Minimum size of branch-circuit conductors; equals #14. 
Rating of branch-circuit protective device; equals 35 
a. Rating of motor over-current protective device; 
equals 13.75 amperes. 

c. Determine: ; 
Disconnecting means; a motor-circuit switch rated at 
7S horse-power. | 
Controller equals motor starter rated at 7S horse- 
power. . | 


C. Summary Questions 
1. Define, in your own words, a disconnecting means. 
2. Define, in your pun weeda, "motor-running over-current device? 
Is it possible to combine the motor disconnecting means and the motor controller? 
What is a motor circuit switch? 
Define a (a) fuse, (b) circuit-breaker? 
What would you determine first when installing a motor? 


When may you use an attachment plug and receptacle as a motor controller? 


CO N NW WY FE W 


. Must a motor be grounded? Explain. 
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IDENTIFICATION OF SIX-LEAD MOTORS 


Ob jective 


To learn a procedure for properly determining and identifying the leads on a six-lead 
motor. 


References 


Lesson Content 
A. Connection of Phases 


1. A multi-speed motor may be connected either star or delta. The internal connect- 
ion should be known before identity of leads begins. 


a. If a resistance check is made between all the leads on a star connected 
motor there will be four different sets of readings obtainable, figure l. 


b. If a resistance check is made between all the leads on a delta connected 


motor there will be only three sets of readings obtained between any two 
wires, Figure 2. 


B. Lead Identification on a Star Connected Motor 
1. Method number Il. 


a. The resistance between three of the leads should be double the resistance 
* ‘between the remaining three leads. 


b. Label the three leads, having the highest resistance, T), To, and T3. 


c. Measure the resistance between Tj and the other unidentified leads, one at- 
a time. The lead which gives you the lowest value of resistance is T). 


d. Measure the resistance between To and the other unidentified leads, one at- 
a time. The lead which gives you the lowest value of resistance is T6¢. 


e. The remaining un-tagged lead is T5, 
2. Method Number II 


a. The resistance between three of the leads should be double the resistance 
between the remaining three leads. 
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C. Lead Identification on a Delta Connected Motor. 
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b. Label the three leads having the highest resistance T1, To and T3. 


c. Apply rated voltage to T), To and T3. The motor should operate. 


d. While the motor is running measure the voltage between T] and T). This value 
of voltage should be 29% of the applied voltage (rated voltage). The read- 
ings between T3 and T5 and also between Td and T6 should be the same as from 
Ty; to Th. 


Find the lowest value of resistance between any two leads. 


Starting with the first pair of leads which give the lowest resistance between 
terminals mark them, temporarily, Tl and T6. 


. The lead should then be found which will give a resistance between itself and 


T6 equal to that between T6 and T1. 


. When this lead is found mark it To. Then find a lead which will give the same 


resistance to To as that between Td and T6. Mark this lead 15. Follow this 


procedure until all leads have been tagged. Mark them in the order Tj, 16, To, 
T5, T3 and Th. 


. Apply single-phase rated voltage or one-half rated voltage to T) and T5 and 


measure the voltage between T3 and Ty; T3 and T5. It should read 50% of 
applied voltage. 


. If the voltages are more than 50% between T3 and Th; 13 and T5, then re-mark 


all leads changing T6 to T1, To to T6, T5 to To, T3 to T5, Th T3 and T] to Ty, 


. Reconnect voltage to leads Th and 15 and check voltages between T3 and Th; T'3 


and 15. The voltages should be equal and 50% ofthe voltage applied. 


. Summary Questions 


Is it necessary to determine the phase connections of a motor before attempting 
to identify the leads? | 
Do you think an ohmmeter is necessary to identify the leads on a multi-speed 
motor? 

Why is the resistance between three of the leads on a star connected motor, 
double the resistance between the remaining three leads? 


- The last lead to be tagged, on a star connected motor will be tagged T5? 11? 


Ty? Always? Why? 


. When measuring voltage on a delta connected motor, the proper reading should be 


what percentage of the applied voltage? 
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COLLECTING REWIND DATA 


Objective 


To learn how to collect and record the correct data when stripping a motor for re- 
winding 


References 


Lesson Content 


A. Review 


Lap windings are known as parallel windings, and are generally used for low volt- 
ages. Wave windings are known as series windings, and are generally used for mac- 
hines,of high voltages and low currents, Fig. 1. 


: 


Coil Span 


The number of slots spanned by one coil is known as the coil span. Coil span 
is found by dividing the total number of slots by the number of poles. If the 
answer is a whole number and a fraction, use the next whole number. 


Commutator pitch 


Commutator pitch is the number of bars spanned by the coil connections at the 
commutator. 


Lap windings - simplex 1 & 2, duplex 1 & 3, triplex 1 & 4. 


segments + plex 7 
= number of poles 


retrogressive pitch equals S&SMenes = Pier +1 


= number of poles 


Wave windings - progressive pitch equals 


The term plex refers to the methods of connecting the coils to the commutator, 
known as simplex, duplex, triplex, Fig. e. 


3. Progressive and retrogressive. 

The progressive connection is usually used when the armature is connected lap. 
It has the advantage of having no crossing of the leads when connecting to the 
commutator bars. Retrogressive windings give a crossed-over connection, Fig. 
3 and 4. 
The retrogressive connection is usually used when connecting an armature "wave". 
It has the advantage of having no crossed connection when armature is connected. 
The following applies to the wave connections only. 
Where an armature circuit advances one bar every time it goes around the arma- 
ture , it is said to be progressive. ; 
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When the circuit of an armature, after it has traveled around the armature, 
drops back a bar, it is said to be retrogressive. 


4, Multiplex windings 


A multiplex winding is a winding connected in such a way that it provides a 
greater number of paths in parallel through the winding. Duplex and triplex are 
multiplex windings, Fig. 2. 


5. Elements 


The number of elements on an armature, can be determined by bars divided by 
slots. The mechanical connection of element windings may be better understood 
by referring to Fig. 5. 


6. Dead coils 


Dead coils occur when the number of segments in the commutator is less than a 
multiple of the number of slots. 


If a dead coil is to be used in an armature, it should be left in, unconnected, 
to balance the armature mechanically. 


7. Symmetrical and non-symmetrical connections 


The angle at which the coil leads are brought out from the slot to the commuta- 
tor segment depends upon the position of the brushes with respect to the poles. 


If the brushes are placed in line with the centers of the poles, then each coil 
lead comes out of the slot at the same angle to bars, directly in the center of 
the coil. This is called a symmetrical connection, Fig. 6A; 


If the brushes of the machine are located at a point between the poles, the 
coil leads must be carried to one side in order to connect to the segments at 
the time they are short circuited by the brush. This is called a non-symmetri- 
cal connection, Fig. 6B. 


A. Procedure 


When rewinding armatures, there are a number of points that should be noted, be-. 
fore the armature is stripped, in order to provide information needed when the 
armature is being rewound. It is advisable to adopt a standard information form 
Similiar to that shown in Fig. 7, The form should be of a size to fit a standard 
file cabinet or drawer. A convenient size would be 5" x 7". The front of the 
card can be used to record the written information, and the space on the reverse 
side can be used for sketching a diagram of one or more coils, showing the con- 
nection to the commutator. A diagram is shown in Fig. 8. 
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Fig. 1 There are two types of armature windings, LAP & WAVE. The coil 
leads of a lap wound armature connects to commutator bars that 
are near each other and the coil leads of a wave wound arma- 
ture connects to commutator bars that are widely separated. 


Fig. 2. A - Simplex lap 
B - Duplex lap 
C - Triplex Lap 


Fig. 1 Fig. 2 
SECTION OF A 4 POLE PROGRESSIVE SECTION OF AGP RET 


fig. 3, 
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B. Data to Record on the Form 


The following information should be recorded when stripping an armature. 


Number of slots 

The coil span 

Number of commutator bars 

Commutator pitch 

Turns per element 

The size of the conductor 

The type of insulation on the wire 

The coil insulation 

Slot insulation layers, type and thickness 

Extension of slot insulation from each end of the slot. 
Over all extension of the winding from the core, both front and back. 


MOO ON NV FWD F 


PH 


If these things are carefully observed and recorded, there should be no diffi- 
culty in properly replacing any winding. 


C. Marking the Slots and Bars of the Armature. 


It is a good idea to mark the coil span and the commutator pitch on the armature. 
This can be done with a prick punch or file, as shown in Fig. 8. Two small punch 
marks can be placed under the slot that holds the top coil side and one under the | 
slot that hold the bottom of the same coil. Top leads are then traced out to the 
commutator and each bar that they connect to should be marked with two dots. 


Next trace the bottom leads to the commutator. Each bar that these leads connect 
to should be marked with one dot. This can be done with most types of windings 
and is a positive way of keeping the information so that the coils and commutator 
connections may be replaced correctly. 


D. Recording Data for Coils. 


Unwind one complete coil and count the number of turns. This can be done by lift- 
ing coil leads to the commutator until the front of the coil is exposed, remove the 
slot wedge, cut open the top of the slot insulation, and locate the top lead. Un- 
wind the coil and count the number of turns. 


To determine the number of single coils per slot, first count the number of slots 
and bars. The number of single coils per slot, will be equal to the total number 
of bars divided by the total number of slots. 


: total number of bars 
S at 1. Shea te ee 
Eee SS Pa Ss Total number of slots 
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4 pole retrogressive wave winding. 
N 


24 SLOTS 
96 BARS 
ISSSSRSSCHSECBRCECEEG CUPYERRER TT EE RTE IE TERETERE RET REL ERE TET TY a 
SRRREE 
2 ELEMENT SIMPLEX LAP 4 ELEMENT SIMPLEX LAP 
Dig, 5, 
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To find the number of wires in parallel per single coil, lift all the wires to one 
commutator bar and count them, do not count wires used as fillers or dummies. One 

half the total number of active wires per bar will be the number of wires per sin- 
gle coil. 


Measure the size of wire (use wire gauge or micrometer). Note the type of insula- 
tion, i.e., is it enamaled, single or cotton covered, double cotton covered, etc. 
If the coils of the original winding were form wound, a complete coil should be 
Saved as a sample for the coil winder. 


Stripping the Armature 


Remove slot sticks or paper wedges from the top of the slot. This may be accon- 
plished with a hack-saw blade and hammer. The hack-saw blade is put on top of the 
slot stick, a tap or two is given to the blade to sink the teeth into the wood, 
then the end of the blade is given a few blows. The Slot stick will then be for- 
ced out. 


After removing the wedges, use a hack-saw to cut the coils off at the rear end of 
the commutator, close to the end of the iron core, also cut the coils at the oppos- 
ite end of the coil. The coils may also be cut by mounting the armature between 
centers of a lathe, and using a cutting tool. The sides of the coil left in the 
slots maytbe forced out with a drift punch. If the coils stick, apply a torch to the 
iron to loosen up the varnish. The coils may then be removed easily. 


Cleaning and Putting an Armature in Condition for Rewinding. 
After the armature is stripped of its coils, the old insulation and paint can be 
removed by applying the flame of a torch. The slots should be thoroughly cleaned 


with a file and all burrs removed from the edges. of the iron. Blow out each slot 
with a blast of compressed air. 


Testing and Repairing Commutator 


The commutator should be tested for grounds, and shorted bars before rewinding. 
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SYMMETRICAL NON- SYMMETRICAL 


SYMMETRICAL NON -SYMMETRICAL 


FIELD | FIELD 
POLE | | Pore | | 


FIELD FIELD 
POLE POLE 
BRUSH 
, Pa m° BRUSH 
BRUSH 
FIELD FIELD 
POLE POLE 
COMMUTATOR COMMUTATOR 
*—~ BRUSH * BRUSH 


Fig. 6 SYMMETRICAL & NON-SYMMETRICAL CONNECTIONS. If the coil leads 
connect to commutator bars that are on a line with the center 
of the coil the connection is symmetrical. If the coil leads 
connect to cammutator bars that are not on a line with the cen- 
ter of the coil the connection is non-symmetrical. 

, od 
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Most short circuits between bars can be cleared up by digging-out the carbonized 
mica from between the bars with a knife or ground hack-saw blade. The hole that 
was made, by digging out the mica, should be filled with a good commutator cement. 
Where there are a number of bad spots it would be more satisfactory to install new 
mica between the bars or to supply a complete new commutator. 


When the slot insulation has been put in the slots, new fiber core end insulators 
installed, and the shaft between commutator and core, as well as the shaft at the 
opposite end of the core insulated, the armature is ready for rewinding. 


H. Summarization 


When stripping an armature for rewind, be sure to collect sufficient data so that 
another winder can proceed with the job of rewinding. 


Make sure there are no sharp burrs on the laminations that would damage the slot 
insulation. 


Before rewinding be sure the commutator is clear of any shorts and grounds. 


Use the right kind of insulation depending upon the heat conditions under which 
the motor must operate. 


I. Summary Questions 


1. Is the wave winding known as a series winding or a parallel winding? 
Is it generally used on high or low voltage machines? 


2. What do we mean by the expression "coil span"? 
3. What is meant by the expression, "Commutator pitch"? 


4. What is the difference between a progressive winding and a retrogressive wind- 
ing? 


5. What is the difference between a symmetrical and a non-symmetrical connection 
to the commutator? 


6. What is the advantage in using multiplex windings? 
{. Why is it so important to collect data when stripping an armature? 


8. Is there any advantage in using more elements than a single element winding in 
an armature? 


9. Explain how you would mark the slots and commutator bars when stripping the first 
coil from the armature. 
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DATA SHEET FOR MOTOR AND GENERATOR REWINDING 


Job No. 

Address 

Date received 
How delivered 
Terms of payment 
Cost of materials used 


Write out in detail. 


Ele fs Volts 

serial No. 

No. of slots 

Size and kind of wire 
No. of wires in parallel 
Slot insulation 

No. of comm. bars 

Dead coils 

Dia. of core 


Band wires Size 


WAVE SIMPLEX SYM. 
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Customer 


Date promised 


send Will call 
Estimate 
Total hrs. Labor 
WORK TO BE DONE 
REWIND DATA 
Amps. Rs P.M, Type 
Make 
Coil span Turns per coil 
Wdg. conn. 
Labs. of scrap wire removed 
Comm. pitch 
Dead bars Wires per bar 
Length of core End room 
No. of turns Solder balance weights 


| 
Fig. 7 


END 


CENTER LINE OF COIL 


LAP SIMPLER SYM. 


Fig. 


WAVE 
SVM e 


SIMPLER 
3 ELEMENT 


8. 


LAP SIMPLEX 
SVA. 2 ELERENT. 


LAP 


SIMPLER > 
NOM - SYM. 
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ELECTRICALLY HEATED APPLIANCES 


Objective 


To become familiar with National Electric Code rules and specifications on appliances, 
and the construction and installation of the electric range. 


References: National Electric Code 

Lesson Content 

A. Definition of appliance (National Electric Code, article Weel, 
Appliances are current consuming equipment, fixed or aaumeithe, 


For example: heating, cooking and small motor operated equipment. 


Section 4221 - This article shall apply to electric appliances used in any occupancy. 
Section 4222 - Branch circuit requirements 


Refer to the following sections of your National Electric Code book at this time: 


Section 4231 - Insulation of cords 

Section 4232 - Insulation of appliances 

Section 4233 - Portable immersion heaters 

Section 4234 - Protection of combustible material 


B. Specifications of the Electric Range 


All ranges do not have the same design, nor do they have the same insulation. The 
electric range standards of Underwriter's Laboratories, Inc., provide for three 
different installation forms. See Fig l. 


The specification for installation should be indicated on the name-plate of the 
range. 


1. "0" - indicates the range may be installed with no space between itself and 
walls and cabinet bases. 


2. "1" - the range may be against the back wall but the sides must have a clear- 
ance of one inch. 


3. "6" - there must be a clearance on all sides of range of six inches. 
Section 4235 - Stands for portable appliances 
Section 4236 - Signals for heated appliances 


Section 4237 - Infra-red lamp industrial 
Section 4238 - Grounding 


Lie Coyne Electrical School TA-T&R-1.7 


Testing & Repair Lesson No. 26 


Fig. 1 Installation forms 
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Flg. 2 Electric range 
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Control & Protection of appliances 


Section 4241 - Disconnecting means 
Section 4242 - Over-current protection 
Section 4243 - Automatic flatirons 


Marking of appliances 


Section 4241 - Name-plate 
Section 4262 - Marking of heating elements 


1. Construction and operation of the Electric range, Fig. e. 


Fig. 2 is not a drawing of any one type of range. The surface units might be 

located in any one of several positions on the top of the range. The switches 
might be located on the back splasher or on the right hand side of the range, 

etc. All the different sections, shown in the diagram, might be found in some 
other location on the range. | 


a. The Timer, Time clock, allows the oven to be turned "on" and "off" automati- 
cally. It looks like a standard clock except that it has extra knobs or dials 
which are used to "set" the "on" and "off" time. 


Some ranges have time reminders, which are not controls. They give a sound 
as a reminder of the lapse of a set time. 


b. The oven temperature control allows the user to adjust the temperature of 
the oven. The oven and this temperature control unit are important parts 
of the range. Over a period of the last thirty years there have been many 
changes made in the temperature controls. Some of the first ranges did not 
have a temperature control on the oven. It would be referred to as a non- 
automatic type of oven. 


The semi-automatic type made use of thermostats which regulated the heat in 
the oven. They respond to changes in temperature. There are two general 
types, the bimetallic and the hydraulic. 


The bimetallic thermostats are of two types, spiral and flat blade. . 


In the spiral type the helical coil curls up to actuate the switch and inter- 
rupt the circuit. The flat blade type is usually inserted through the cook- 
ing top. . ‘ 


The hydraulic thermostats are of two types, bellows and diaphram. In the 
bellows type, the bellows is actuated by the expansion of a fluid which is 
contained in a long capillary tube and a bulb. The expansion and contraction 

of the bellows actuates the switch which closes or opens the circuit to the 
oven units. 


In the diaphram type the capillary tube and bulb are connected to a diaphram 
instead of a bellows. 


In the earlier types of ranges, the thermostats did not have the current 
carrying capacity necessary to directly control the heating units. A con- 
tactor was used in the circuit, Fig. 3. 
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The fully automatic oven is a timer controlled oven, Fig. 4. 


Surface units are made in the six inch, eight inch, and ten inch size. Their 
wattage ratings will range from less than 1000 watts to over 2000 watts. 


General Electric tubular units are called "Calrod"” while the Westinghouse 
are named "Corox". 


Most ranges are designed and wired for 118 to 236 volts., 3-wire, single 
phase operation; however, the heating units may be ordered for other voltages. 


Most elements which are controlled by a "three position" switch are 118 volt 
elements. The 236 volt elements are usually used with the five-position 
Switches. 

c. Switches 
The switches control the circuits to the various heating units. There have 
been some toggle and snap switches used, however, they are mostly of the 
rotary type which may operate to furnish two, three, four, or five different 
heat values, Fig. 5. 
Fig. 5 shows how the switches and heating units might be connected and also 
the way in which the elements are connected across the line. Many of the 
latest types of switches are sealed and when one develops defects it is re- 
placed. Switches are made to act slow or fast. Switches which will operate 
on AC will not necessarily operate on DC. 

2, Installation and code, Figs 1 and 6. 


a. Be careful when uncrating a range. It is easy to damage the enamel finish. 


b. Most ranges are mounted on a'skid". Leave this skid on until the range is 
delivered to the customers home. 


c. Before making delivery, remove the switch panel and check the electrical 
connections to see that they are not loose. 


d. Upon delivery, remove the skid and be careful while in customers home. 

e. Connect the range to supply circuit after carefully checking the "ground" 
and next install the surface units. Be sure that the surface units, are 
grounded to the frame. (Green wire) 

f. Level the range. This can be done by making use of a pie tin of water plac- 
ed in the oven. Shims may be used under the corners of the range for level- 
ing purposes. 

g. Be sure the housewife has an instruction book, sell "good will". 

Code - Check section 2121b (NEC) and table 29, NEC. 
C, Check Section 2103 (NEC). 


Example: Any range whose rating is 12 K.W. or less has a maximum demand of 8 K.W. 
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is 


E. 


I, 


, 


174 


, W 8000 
Since I equals % then I equals equals 33.8a. 
q 7 q 336 q 3 


NOTE: Check table #1 in NEC. 
The above circuit would be classed as an "individual" branch circuit. 
Check Section 4241 (NEC) 


Check Sections 2560, 2557, 2559 (NEC) 


Troubles 


1. Mechanical troubles may develop in the oven doors more than any other section 
of the range. The construction and assembly of the hinges is so varied that 
we refer you to a service manual on the type under consideration. If you find 
it necessary to replace a hinge, be sure to order by part number and give full 


2. Electrical or mechanical troubles may develop in: 
a. Owitches 
b. Temperature control of oven i.e., thermostat or timer. 
c. Blown fuse to range 
d. Blown fuse in appliance circuit 
e. Burned out surface unit or other heating unit. 


f. Not enough heat. 


Service-Testing and Repair 


1. The user of the range will tell you the circumstances under which the trouble 
developed. This usually gives you a clue to the trouble. 


Every range has a name-plate. Whenever ordering parts, always give complete 
name-plate data. The name-plate might be found below the cooking top, on the 
front of the range frame inside a drawer, on front of range, etc. An electrical 
diagram will be located on the back of the range. The diagram on the back of 
the range will assist you very much in trouble-shooting. It is a good idea to 
check the diagram, especially if the range is of a type or make on which you 
have not previously had an opportunity to work. 
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Temperature Control 


Oven Top Heater 
3000 W Coil 


™ Resistor 
Wire 


3000 W Coil 
Oven Bottom Heater 
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Timer 
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Fig. 3 Oven control circuit using a relay. 
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Those ranges which have been installed against a back wall are usually designed 
with a recess, or opening in the back, so as to leave space for a plug and re- 
ceptacle. The plug and receptacle can be reached by removing a drawer from the 
front of the range. TAKE YOUR TIME ON A SERVICE CALL. 


2. Owitches and elements ; 
Most switches should be replaced rather than repaired. If switch trouble is 
suspected, remove the panels, etc., so you may get at the switches. (The knobs 
on switches may usually be removed by pulling out and turning counter-clockwise. 
They may have a set-screw. They may be a friction fit.) 


Use a voltmeter and check the voltage at bus wiring system on the service side 
of the switch. Then check the voltages on the unit side of the switch while 
operating the switch. When a defective switch is found, disconnect the range 
from the power source and then remove the switch and replace it with a good 
switch. 


The elements of the surface units, if of the open type, may be repaired. The 
tubular type will be replaced if found defective. 


Both coils do not need to glow. (Check with piece of tissue paper.) 


If the resistance wires of the unit are not too badly oxidized, an "open" can 
be repaired by a "mend-it" sleeve. This sleeve fits over the two ends to be 
joined and is then crimped. It is advisable to replace the element if it is 
oxidized. When replacing an element, stretch the new coil to the same length 
as old coil and then connect it into "brick". BE SURE, ON ANY UNIT, TO MARK 
THE LEADS PROPERLY. This will help you to properly connect the new unit. 


When replacing oven units be sure to push the unit all the way. The connection 
to the supply is made by plug and receptacle. If the units do not make good 
contact they will heat and eventually develop an open. 


3. Oven, timer and thermostat 
Graphite is about the best lubricant to use on the hinges of an oven door. 


You may receive more complaints on the oven or oven door and the switches than 
any other part of the range. Since the hinges and servicing of same are mechan- 
ical and not electrical and since there are so many different types, the ser- 
vicing of the door of an oven will be left to your mechanical ingenuity. Ser- 
vice manuals on specific types give you complete information on door hinges and 
operation. 


Fig. 4 shows the oven elements, oven switch, thermostat switch, and timer 
switch of a fully automatic oven system. The thermostat would be a hydraulic 


type. 


Fig. 3 shows an oven circuit and controls which make use of a "contactor" or 
"relay". ‘ 


The above diagrams make up a part of the complete wiring diagram which will be 
found on the back of the range. 
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For calibrating the thermostats, General Electric and Westinghouse have develop- 
ed "oven testers". They are thermocouple elements connected to a moving coil 
instrument whose dial is calibrated in degrees rather than volts or amperes. 

A good high grade thermometer can be usei. The testers are preferred. Always 
attempt to calibrate a thermostat before deciding to replace it. In any thermo- 
stat the trouble will usually be found either as an inoperative switch mechan- 
igm or as friction in the temperature indicating arm. 


In using a tester or a thermometer:- 


a. Check to see that the tester, or the thermometer, is indicating room temper- 
ature correctly. 


b. Place the thermocouple of the tester, or the thermometer, near the center of 
the oven. 


c. If using a tester, the leads from the thermocouple to the indicating instru- 
ment will come through the oven door. The instrument can be placed on a 
chair near the oven. 


d. Set the temperature control at about 400 degrees. 


e. Allow the oven to heat until the thermostat has cut-off two times, possibly 
three times. 


f. About one minute after the last cut-off read the test thermometer as quickly 
as possible. It should read between 380 degrees and 420 degrees. 


g. If it does not fall within the above limits, an adjustment should be made on 
the thermostat. They are designed, as a rule, with an adjusting screw or 
two, to enable you to adjust the operation. Each notch on the dial of most 
thermostats represents a change of about ten degrees. It is recommended that 


the oven temperature run from 10° to 25° above the temperature which is in- 
dicated on the control knob. | 


The oven timer of today is a standard clock and timer combination. A few 
years ago there were "spring-wound" and "torque clock" timers. 


H. Summarization 


All appliance distributors have service literature available, parts lists, price 
lists, and service aids to help you. 


No matter how simple a problem might appear to you, it is of major importance to 
the range user. Use diplomacy and salesmanship. 


near exposed wiring or terminals. 
Always record the complete name-plate data of the range when ordering parts. 


BE SURE THE RANGE IS GROUNDED. BE SURE THE RANGE IS LEVEL 
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What are the three "installation forms" provided by Domestic Electric Range 
Standard of Underwriters Laboratories and what do they mean? 


. What is the difference between the bi-metallic and hydraulic types of oven 


temperature controls? 


. Name the three types of surface units used on the electric range. 

. Is the rotating type switch control used on the modern electric range? 
. What type of unit is usually used for oven heating? 

. What is meant by demand factor? Would a 12 K.W. Range be fused for 12 K.W. 
. What. troubles usually develop in ranges? 

. Where might you find the diagram of the circuits for any particular range? 
. How would you repair the heating unit of an open type coil? 


. How would you test to determine if a thermostat was operating properly? 
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AUXILIARY GENERATOR CONTROLS 
Objective 


To learn the different types of auxiliary generator controls, their construction and 
their operation. 


References: 
Lesson Content 


The modern regulator is an electro-magnetically operated switch. It operates very 
much like a cut-out relay. (See lesson number 3). 


All auxiliary controls, no matter how complicated they might at first appear, intro- 
duce resistance in series with the field of the generator. 


A. Types of controls 
1. Lamp load control 
2. Step-voltage control (two-rate, step-down) . 
3. Vibrating type 


4, Full current-voltage regulators for shunt generators. (Covered in lesson No. 28). 


B. Lamp Load Control, Fig. l. 
1. Construction and operation 


This control has been used on automobile lights and it is still used on tractors 
and similar installations. It is designed to increase the output of the genera- 
tor when the lights are turned on. This control consists of a resistance and 

a shunting device, both of which are built in as part of the lighting switch. 


When the lights are turned off, the field current flows through the resistance 
and the battery charges at a rate which is not excessive, usually about ten 
amperes. When the lights are turned on the resistance is automatically shunted 
out of the field circuit and therefore, more current flows through the field, 
thereby increasing the output of the generator. The increase in output makes 

it possible to supply the lighting circuit without a reduction in battery charg- 
ing current. The value of the resistance usually used is one ohm, however, 
other values may be used, thereby varying the change in output. 


To set the third brush, ground the field terminal of the generator and set the 
third brush so the output will be about sixteen amperes. 
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2. Troubles and testing. 


Some of the more common troubles: 


a. The generator does not charge at any speed. This may be due to an open cir- 
cuit, defective cut-out, defective generator, loose belt or ground 


To locate the trouble use a voltmeter for making a continuity test. 


If you placed a shunt across the cut-out and grounded the field terminal of 
the generator you would have the generator connected directly to the battery. 
If the ammeter did not give a reading this would indicate a defect in the 
charging circuit other than the cut-out or field resistance. (Assuming the 
generator is being driven fast enough to develop out-put.) If the ammeter 
does show a reading, remove the jumpers, one at a time, and you can deter- 
mine which part of the circuit is defective. . 


b. If out-put of generator is low at all times, check for high resistance in 
the circuit. (Poor brushes, corroded battery connections, etc.) 


Generator checking was given in lesson number }.. 


C. Two-rate Control 
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1. Construction and operation 


The two-rate control provides the same out-put changes as the lamp load control. 


However, it does so automatically upon an increase of generator voltage, whereas 


the lamp load control is manually controlled. 


This control is usually built on the same base and housed in the same case as 

the cut-out. It consists of one or two potential coils which are connected across 
the terminals of the generator, Fig. 2, a moving contact (armature), a station- 
ary contact, a field resistance and in some cases a field fuse. The contacts of 
the regulator and the resistance are in parallel with one another and in series 
with the field. 


This control is designed to charge the battery at a high rate until the battery 
is charged, after which the charging rate will be reduced one-half. (Could be 
varied by changing the value of the resistance). 


The coils of the regulator are connected across the terminals of the generator. 
Therefore, generator voltage will control the operation of the regulator. The 
voltage of the generator, under normal conditions, depends upon the state of 
charge of the battery. 


Eg equals Ed plus Eb where Eg equals generator voltage 
Ed equals line voltage drop 
Eb equals terminal voltage of battery while being 
charged. 


The average Eb equals 7.5 volts, fully charged i 
The average Ed equals. 75 volts, approximately. 


To decrease the charging rate through the battery when it is fully charged the 
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regulator is designed to operate at about 8.0 to 8.25 volts. 


Example: a. Eb equals 6.2 volts Therefore Eg equals 6.95 (resistance out 
Hd equals ./5 volts of circuit - High current output) 
b. Eb eguals 7 volts Therefore kg equals /.75 volts 
Ed equals .75 volts (Resistance out of circuit - High current 
output) 
c. Eb equals 7.5 volts . Therefore Eg equals 8.25 volts (Resistor 
Ed equals .75 volts inserted in series with field low current 
output)... 


In example C, the output is decreased and we do not have an excessive current 
through the battery at full charge. 


As long as battery and generator voltages are low, the current through the re- 
gulator will not be sufficient to operate the armature. Therefore, the field 
current has a direct path to ground and the generator can develop maximum out- 
put. 


As the battery nears "full charge" its terminal voltage will increase, which 
causes the generator voltage to increase. When the voltage of the generator 
reaches about 8.0 to 8.25 volts, sufficient current will flow through the regu- 
lator to break the field circuit directly to the ground and the resistance will 
be inserted in series with the field. This decreases the current through the 
field of the generator which in turn decreases current output. If circuit condi- 
tions are changed so that the generator voltage would drop to about "seven" 
volts, or a little less, the contacts would close and the resistance would be 
shunted out of the circuit and current output would increase. 


. Troubles and testing 


Since the operation of this control depends upon the voltage of the generator, 
any circuit conditions which would cause the generator voltage to rise would 
operate the regulator. Any circuit condition which would result in an excess- 
ive resistance in the circuit, would cause the generator voltage to rise and 
this, in turn, would cause the regulator to operate, thereby, decreasing the 
output. As a result the battery would "run down". Keep all connections clean 
and tight. 


Trouble may also develop due to the regulator being out of adjustment. Fig. 3 
Shows how the test equipment is connected when checking the regulator. 


If the ammeter indicates no charging current, you could follow the procedure 
applied to the lamp load control. . 


To make any regulator adjustments "on the bench". 


a. Check air-gap between armature and core of winding when armature contacts 
are closed. This can be adjusted by moving stationary contact. 


b. Check the gap between the contact points of the armature when it is in open 
position. 
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This setting combined with the tension of the spring on the armature will 
determine closing and opening voltage. 


NOTE: The specifications for the setting of the different types of regulators 
can be obtained from automotive manuals. 


Example: Armature air-gap equals .0O45 inch plus or minus .001 inch. 
Contact gap equals .005 inch minimum. 


c. The carbon field resistor can be checked with an ohmmeter. Most of then, 
have a resistance of about 1.85 ohms, however since this value may vary 
it is advisable to refer to a manual. 


d. Many of the two-rate controls make use of a magnetic by-pass which will 
compensate for temperature changes. Fig. }4. 


e. Watch for loose nuts on the bottom of the magnet cores, they should have 
lock washers. 


f. Contacts should be cleaned by filing them with a very fine file, using 
carbon tetra-chloride to remove any grease or dirt, and then wiping them 
clean with a piece of linen tape. 


D. Vibrating Control, Fig. 5. 
1. Construction and operation 


The vibrating regulator is so designed that it keeps the voltage at the termin- 
als of the generator below a certain maximum value (about 7.5 volts) which is 
less than the voltage used in the two rate control. 


Since the generator voltage can not increase, as the terminal voltage of the 
battery increases, the charging current must gradually decrease. With this 
type of control we are charging the battery at a high rate when the battery is 
low and at low rate when the battery is high. 


This control is usually built on the same base and housed in the same case as 
the cut-out. Like the two-rate control, it may consist of one or two electro- 
magnets, however, they are not both potential coils. 


Two windings are used on the regulator. The series, or heavy winding is con- 
nected in series with the field and regulator contacts, so that full field cur- 
rent can flow only when the regulator contacts are closed. The potential wind- 
ing, or fine winding is connected directly across the terminals of the genera- 
tor. In some of the older types, the potential coil was connected at the igni- 
tion switch. 


When the regulator contacts are closed, the current through the potential wind- 


ing is determined by the generator voltage. When the generator reaches the volt- 
age for which the regulator is set, the contacts open. When the contacts open, 
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the field current through the series winding is interrupted, but, it can still go 
to ground through the resistance unit. This reduces the strength of the field 
coils in the generator and also the strength of the magnetic field “built up" 

by the regulator, so the contacts will close. This opening and closing of the 
contacts is an extremely rapid vibrating action and it holds the voltage of the 
generator fairly constant, which in turn will allow the charging current to 

taper off as the battery voltage nears maximum. The charging rate might be as 
high as 30 amperes before the regulator "cuts in". After the regulator cuts- 

in the charging rate will drop gradually to about six amperes. 


2. Troubles and testing 


The same testing procedure applied to the two rate control can be applied to 
the vibrating control. 


Fig. 6 shows how the test equipment is used when checking the regulator while 
it is in place on the car. 


The resistance used with this regulator is about twelve ohms. 


HE, General Instructions on all Regulators 
1. Be sure the proper regulator is being used. (Refer to manual) 
2. Inspect for loose connections. 
3. Never close aih-aot by hand while it is connected in the circuit. 


4, When testing the regulator, do so at operating temperature. (Allow 15 minutes) 


5. When testing, keep the regulator in the same position it has when installed. 
6. Always leave the cover on the regulator when checking adjustments. 
{. Do not operate the generator on open circuit at any time. 


8. The file, used to clean contact points, should not be used for any other job. 
A number 6 American Swiss file is recommended. 


9. Always repolarize the generator after any check or adjustment of generator or 
regulator. 
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F. Tools and Equipment for Adjusting Regulators 


Ocrew-drivers 1 pr. long nose pliers 1 pr. diagonal pliers 
1 #6 American Swiss file 1 Riffler file 1 set gap gauges & tools 
Carbon Tetracholoride linen cloth Source of D.C. 


1 Ammeter, which has a scale division that can read to one-tenth ampere variations. 
1 Voltmeter which has a scale division that can read to one-tenth volt variations. 
1/3 or 1/4 ohm rheostat rated at about 25 watts. 

Supplies and parts for regulators obtained from the distributors of automotive 
electrical equipment. 

A hydrometer, soda, wire brush and open end wrenches are also necessary when ser- 
vicing an installed system. 


G. Summary Questions 
1. What is the purpose of any regulator? 


2. Does the lamp load control have an advantage over the generator and cut-out 
system? Ee | 
| er ; ff 


3. What — a field Peo aege and wae is it in the circuit? Pie. HEY? Kn~A fy 
4, Where " 8 eediaeanes inated ina ioe load sonnet? was whe ig h% mal 
. Do some two-rate regulators have three electro-magnets? ae ee 


. What oe does es two- rate regulator, have over the Len -load control? 


Af 4 - 
Awe - he asthma bef heh 


y) 

6 

{. What is the ‘—verece velbase a taeda eariLabor is ‘set for? 
8. Is the lamp load regulator "set" for a voltage limit? “’/ 
9. What value of resistance is used on a vibrating regulator? /2 


10. What instrument do you believe is the most valuable to you when shooting trou- 
ble on an automobile? Why? 
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CURRENT-VOLTAGE REGULATORS 


Objective 


To study the construction, operation and checking procedure of the current-voltage 
regulator. 


References 


Lesson Content 


A. General 


28 


The need for full "current-voltage regulation" was brought about due to the appli- 


cation of the two-brush shunt generator. 


Up to about 1940 the third-brush generator was used. Since this time the manufac- 
turers of automobiles have been installing two-brush shunt generators. The stand- 


ard shunt generator will "build-up" in output more rapidly than the third brush 


generator and its current does not "taper off" at the higher speed. Its use has 


become necessary due to the increase in the number of circuits, to supply more 
electrically operated equipment, than in the past. 


B. Conatruction and Operation 
The current-voltage generator regulators usually have three units, Fig. 1 & 2. 
. Circuit breaker (cut-out) 


a 
b. Voltage regulator (to hold system voltage to one value) 
c. Current regulator (to limit maximum current) 


1. Ths construction and operation of the circuit breaker was described in lesson 


number 3. 


2. The voltage regulator operates in the same manner as the "vibrating regulator", 
the operation of which was covered in lesson number 27 section E. Its construc- 


tion is also very much the same. 


3. The current regulator is the main difference between the current-voltage regul- 


ators and the regulators mentioned in lesson Number 27. 


Since we now have a standard shunt generator, we no longer have a third-brush 


to limit maximum current. It therefore becomes necessary to provide other 


means of limiting the current of the generator. This is accomplished by using 
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the relay which is called the "current regulator". In other words, the current 
regulator is a relay which. limits the current of a generator to some predeter- 
mined value. 


The current regulator consists of an electro-magnet, wound with about a #8 wire, 
which is connected in series with the generator and the series winding on the 
cut-out. The total current from the generator flows through this winding. 


When the current reaches that value for which the system was designed, the arma- 
ture contacts of the current regulator are opened, and thereby insert resistance 
in series with the field winding of the generator. This holds the current to 
the predetermined value, approximately 35 amperes. 


C. Testing 


190 


1. Car test 


Do not remove the regulator until you are satisfied that the trouble is actually 
in the regulator. 


a. Check wiring 

b. Check for high resistance by using the voltmeter. 
The voltmeter must be calibrated so voltages of .1 volt differences may be 
easily read. 

c. Check the generator 

d. Check to determine if the proper regulator is being used? 

e. Check the battery 


Check for open circuit voltage, specific gravity (1275 to 1280) and hi-rate 
discharge. 


f. Disconnect the wire from the "B" terminal on the regulator and connect an 
ameter between the "B" terminal on regulator and the lead which was just 
removed. 


The resistance of the ammeter should not exceed .Ol1 ohn. 


g. Connect a voltmeter to the "B" terminal on the regulator and to the terminal 
marked "GD" on base of regulator. 


h. Place a thermometer two inches from side of regulator. It must not touch 
regulator. 


i, Start the engine and speed it up to the equivalent of about 30 miles per hour 
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gj. Run the engine for about fifteen minutes before taking readings. (Car hood up). 
k. Check temperature and refer to chart of specifications to check the voltage 
of the regulator. Tolerance plus or minus .1). 
The above test was to check voltage regulator. 
1. The following test is to check current regulator. This test is the sams as 
above except that a load in excess of the current rating of the regulator is 


added. 


The test should show a reading on the ammeter not in excess of the rating on 
the regulator. (plus or minus 5%). 


2. Unit 
Circuit breaker 
a. Check the resistance of the winding. 


b. Check the armature air gap with contacts open (use a flat gauge) .034" to 
.038". Adjustment is made by bending the armature stop. 


c. Check the contact gap when the armature is open. (This gap is equal to a 
minimum of .015". Be sure contacts are aligned. 


Voltage rezulator 

Apply above procedure and connsct a small candle-power light in series with 
the "F" terminal regulator and a battery. The other terminal of the battery 
is to be connected to the frame of the regulator (GD). 

Now, by using pin gauges, check the armature air-gap. (refer to specification) 
Also check the armature spring. 

Current regulator 

a. Check armature spring. 


b. Replace the spiral spring with a spring of correct type. 


c. Check the armature air-gap (Use pin gauge and test-light set-up used on volt- 
age regulator check. ) 


d. Check the contact gap. 


Reassemble and recheck the unit, cover must be on and regulator must be tested 
in the same position as it operates when on an automobile. 


Resistance of all test connections must not exceed about .O1 ohms. Heat regula- 
tor for about fifteen minutes. Set up a test circuit as in Fig. 4. 
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There should be about a .5 volt less voltage at which the circuit breaker closes 
than the voltage at which the voltage regulator operates. 


4, Installation caution 


Determine if the terminal marked "GD" is properly connected to a good ground. 
Some regulators are designed to operate in a system in which the positive ter- 
minal of a battery is to be grounded, others in which the negative terminal of 
the battery is grounded. Be sure you have the correct type. 


Radio filter condensers must never be connected to the "F" terminal of the re- 
gulator or generator. 


Polarize the generator. 
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D. Maintenance 


1. Unit - check for 


a. Broken seal? 

b. Evidence of burning of coils or points? 
c, Loose connections (poor soldering)? 

d. Misalignment of contacts? 

e. Bent or damaged mechanical parts? 


f. Broken resistors? 


2, In case of contact trouble, use a fine file ("spoon" or "riffler" file), some 


or 


carbon tetra-chloride and some linen tape to wipe the points clean. 


A majority of the troubles will be in the points. Replace carbon resistors in 
proper position. 


E. Questions 


is 


es 


~) 


AAD 
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Why do we need a current regulator? 


Where is the current regulator connected? 


. What are the advantages of the standard shunt generator? 


3 
4, 


How many units are usually used in a current-voltage regulator housing? 


. Does the current regulator limit maximum current or minimum current? 

. Wnat is an approximate rating of a current regulator? 

. What type of qehester would you use in testing automotive circuits? Why? 
. What type of an ammeter would you use in testing automotive circuits? Why? 


. When is a thermometer used in connection with regulator testing? 


Where will you find the majority of troubles in a regulator? 
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THREE PHASE STATOR WINDING 

Objective: Rewinding and connecting three phase motors. 
Average Time Required: 12 hours 
Reference: 
Tools, Equipment and Materials 
1 stator, sleeving, manning paper T & R tool set 
Precaution: BE SURE TO DISPLACE PHASES 120° 

1. Obtain stator at desk by signing the register. 

2. Cut the coil leads and remove the coils. 


3. Have the stator checked by an instructor and be sure to have your job card 
punched for this step. 


4, Make cuffs on insulation strips and insert the strips in the stator slots. 


5. Referring to lecture diagram on "placing coils in slots" place the coils in the 


stator slots and make connections to form the "coil-groups”. 


6. Obtain at the desk, eighteen inches of friction tape and about one foot of 
color of sleeving. 


7. Use pliers to cut sleeving into one inch lengths. 
8, Place sleeving on the top and bottom leads of the coil-groups. 


9. Twist a loop in the top lead of each coil-group. 


each 
1 


10. After eight coils have been placed in the stator, have the stator checked by 


an instructor. The instructor will punch your card for this step. 


11. Referring to diagram on "connecting" given in lecture, connect all coil-groups 
in series in each phase. Check the phase for continuity (use the lo-ohm scale 
on the VOM). Connect leads of one phase across the six volt terminals on the 
bench and test polarity with magnetic compass. Repeat tests on the othsr two 


phases. 


12. Connect phases "star" and test for the proper polarity using rotating compass. 


13. Have an instructor check job for credits. 
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MJLTIMETER CIRCUIT TRACING 
Objective: To learn the circuit construction of a multimeter. 
Average Time Required: Two hours. 
References: Operating instructions given in the back of ths manual. 
Tools, Equipment, & Materials: Coyne Multimeter 
Procedure Steps 
1. Trace all circuits on the following schematic, for all switch positions. 


2. Identify the twelve individual circuits by using different colored pencils or dif- 
ferent arrow markings. 


3. Draw the individual equivalent circuits for all meter positions in ths spaces pro- 
vided on page No. 197. (Example: position 1 page 197). 


MAIN SCHEMATIC , por ~ 
DIAGRAM _¢ 


COYNE £°* 
MULTIMETER 


FR {RIL RIOF+ 
-(R8 


) . 2 si 
‘ a? ir ~~) 

++) Rm - 50 Ohms R4 - 100 Ohns R9 - 350 Ohms (-) 

R - 300 M Ohms R5 - .34 _ R1O - 6000 Ohms 

Rl - 150M " R6-11.5 " R11 - 54M " 

R2 -135M " R7 - 1120 " R12 - 60M . 

R3 - 14,700 Ohms R8 - 960 " R13 - 120M) 

R14 - 390 " 
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ms 
GENERATOR CHARGING SYSTEM 


Objective 


This procedure is designed to demonstrate the fact that an increase in the resistance 
of the charging circuit of a third brush generator, due to loose connections, corrod- 
ed contacts, poor brush contact, defective cut-out, broken wires, etc., will cause 
both the generator current and voltage to rise, sometimes to excessive values. 


Average Time Required: 1 Hour 


Tools, Equipment & Materials 
This equipment is all assembled. An instructor will direct you to the test stand. 


Precaution — 
Read and study the procedure steps carefully before starting work on the test stand. 
Procedure Steps 


1. Ths test stand is wired exactly as represented in Fig. 1 of this job procedure. 
Trace all circuits and have the diagram checked by an instructor. 


NOTH: In the dispren a resistance may be inserted in the circuit by means of the 
rheostat which is connected in series with the battery. The rheostat may 
be used to obtain the same effect as that which would be developed by a 
loose connection, poor brush contact, etc. | 


2. Before operating the set - move the rheostat counter-clockwise as far as it will 
go. 


CAUTION: Do not operate this set with the resistance inserted for more than ten 
seconds. 


3. Turn on the Snap switch. This will complete the circuit to the motor which 
will drive the generator. 


4, Take the following readings - 
Charging rate (large ammeter) . 
Generator voltage (large voltmeter). 
Generator field current (small ammeter) 
Battery voltage (small voltmeter) 
5. Insert eeeietened vers slowly, by moving the rheostat clockwise, and note the 


increase in generator voltage, field current, and charging rate, as the resis- 
tance of the circuit is increased. 
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Fig. - Generator charging system test stand. 


6. Insert sufficient resistance to produce maximum charging current and again take 
the readings indicated in step 4. 


7. Compare the second set of readings (step 6) with the first set (step }) and 
write in answers to the following questions. 


a. Does the charging rate increase with an increase of resistance? 


ca 


# 
i 


b. Does the terminal voltage of the generator increase with an increase of re- 
sistance? Ad 


c. Does the field current increase with an increase of resistance? , se» 


d. Does the current through the potential winding increase with an increase of 
resistance? 


e. Will the cut-out open if the generator voltage becomes too high? ,..— 


8. Have an instructor check your work. 
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GENERATORS 


Ob jective 


To learn to use the test stand and how to make a voltage drop test on the field, 
growler test on the armature, and a current test on the generator. 


Average Time Required: 4 hours 


References: 


Tools, Equipment & Materials 


1. Volt-ohmmeter 3. Test Lamp 5. Screwdriver 
2. Growler 4, Crescent wrench t. Test stand and test 
leads 


Precaution: Be sure to check the range setting on the VOM before making tests on 
the armature or field. 


Procedure Steps 
1. Obtain one generator at the stock room. 


. Make a "free-run" test on the generator at the work bench. 


2 
3. Disassemble the generator 
mM 


. Draw a diagram, on the back of the generator test chart, of each generator 
showing how the field is connected. Have an instructor check the diagram. 


5. Test the generator as per instructions and record the readings on the test 
chart. 


6. Reassemble the generator. 


Tk Make a "free-run" test on the generator. 


8. Place the generator in the test stand and make a "free-run" test. 


CAUTION: Do not drive the generator in the test stand with the charging cir- 
cuit open. 


9. Check the current output with the third brush retarded at 1000 RPM and at 1500 
RPM, 


10. Advance the third brush and make tests at 1000 RPM and at 1500 RPM. 
11. Fill in the test chart. 


le. Have an instructor check the generator and the test chart. 
13. Return the generator to the stock-room and exchange it for another generator. 
14. Follow the above procedure on a total of three generators. 


15. After three generators have been tested, have an instructor check the chart 
and obtain credit for the job. 
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GENERATOR TEST CHART 


No. of Generator 
Make of generator 
Wo. of poles «= + =-% =«=8 5 «= ws s=s 


No. of brushes - -~ ---+--+-+-*#+-+-+--+-+-. = - 


Field Ed across each coil---+-+-+-+--- a ae eee 
Insulation ----+-+-e--- oe ae ee i ae eee ee 
Condition of field ---+----- a re ae ee 
Gromied == = = ee eS le 


Armature Opens - -----+-+e77 +2 a ae a ae 


Brushes O11 soaked = --- === == i Si WO 


Brush 
Holders 05 te ee ee i ek ee ee we 
fella Sip eae hace ypu 4 SE a 


mtinge (BEp +e nee ee een nns nn 

bin tabeiinn ascowdaatnas ne a Md Es 
tek wi eben «~ «a0. as Se A 
retarded 1500 r.p.m. - ---- - 

Output 

Test 3rd brush 1000 r.p.m. - ---=-- 


advanced LOO Bs Dell. ers te 


Job No. 5 Testing & Repair 


STARTING MOTORS 
Objective 
To check the torque of a starting motor on a lock rotor test and obtain information 


as to the condition of the motor bearings, insulation, brushes, field connections, 
and type of armature winding used. | 


Average Time Required: 4 hours. 


Reference: 


Tools, Equipment & Materials 


1. Crescent wrench 3. Screw driver 5. Volt-ohmmeter 
2. Test lamp 4. Test leads 


Precaution: Be sure to check the range setting on the VOM before making tests on 
this job. 


Procedure Steps 
1. Obtain one motor at the stock room. 
2. Make a "free-run" test on the motor at the work bench. 
3. Disassemble the motor. 


4, Select a diagram from the test chart which represents the winding in the motor 
under test. 


5. Have an instructor check the diagram and the motor. 


6. Make a test on the armature and the field. (Use the correct test procedure and 
record the information on the starting motor test chart.) 


7. Reassemble the motor and make a "free-run" test on the motor at the work bench. 
If it operates - take it to the test stand. 


CAUTION: When placed in the test stand, BE SURE THE MOTOR IS SECURE in the 
holder and rotation is correct. The ammeter switch MUST BE SET ON 
CORRECT SCALE. 
8. Place in the test stand - a. check rotation and current 
b. make torque test and check scale reading 
c. record information on test chart 
9. Have an instructor check the test chart and motor. 
10. Return the motor to the stock room in exchange for another motor. 


11. Follow the above procedure on a total of three motors. 


12. When three motors have been completed, have an instructor check the test chart 
for credits. 
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STARTING MOTOR TEST CHART 


CHECK CONDITION OF ON TEST BENCH 
MAKE NO. NO. ; 
© ° 
oO OF OF Lhe BRUSH TEST 
' 
MOTOR | POLES |BRUSHES HOLOER 


TO AMMETER , GEN., 
IGN., LIGHTS ETC. 


STANDARD 4 POLE STARTER 


CONSEQUENT POLE STARTER 
( 4 Poe ) 


> @ 
so 
é 


STARTING MOTOR 
FI\ELD CONNECTIONS 


Fig. 1 Starting motors 
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Job No. 6 Testing & Repair 


PUSH-BUTTON STATIONS 


Ob jective 


To develop a holding circuit on a relay and use two push-button stations. 


Average time required: 1 hour 


References 


Tools, Equipment & Materials 
“1. Test lamp from T & R tool kit 3. #24 scrap wire 
2. Obtain requisition at desk for 4, Volt-ohm-milliammeter 
relay panel. 
Precaution 
Do not overlook step #4 in the following procedure. 
Procedure Steps 


1. Obtain a "relay panel" from stock room 


2, Identify the terminals on the panel. (Set VOM on Lo-Ohm range) 


3. Using black pencil "draw-in" the wires from the switch symbols to the termin- 


als below the switch symbols, Fig. 3 lesson No, 6 


4. Using red pencil "draw-in" the connections, which you will make to develop a 


stick circuit on the relay. 


5. Have Fig. 3 checked by an instructor. 


6. Using scrap wire, #24, "wire-up" the panel according to the diagram you have 


developed in Fig. l. 


-7, Connect the unit to 110 volts DC, and operate it. Have an instructor check the 


operation of the panel. 
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FRACTIONAL H.P. MOTOR CONTROLS 


Objective 


To learn the operating principles of the "magnetic control" and "thermal control" as 
to construction, connection, and operation. 


Average Time Required: 2 hours 


Reference: Lesson #7 
Tools, Equipment & Materials: 
Pencil, paper, #24 wire, T & R tool set, VOM, motor, and panel board. 
Precaution: IN WIRING UP JOB - FOLLOW DIAGRAMS CAREFULLY - BE SURE TO USE #24 WIRE, 
Procedure Steps: 
1. Obtain a panel board from the stock room. 
2. Obtain a motor at the desk. 


3. Test the motor and locate the two terminals of the "run winding" and the two 
terminals of the "start winding", by using the VOM or a 110 volt test lamp. 


4, Determine "start" and "run" terminals by use of the VOM. (Set the meter on the 
Lo-ohm scale). 


5. Draw a diagram of both the magnetic control and the thermal control properly 
connected to the motor, but do not wire up the system at this time. 


6. Have diagrams checked by instructor. 
7. Connect and operate both controls. 


8, Write an explanation of both controls as to construction, connection and opera- 
tion. - 


9. Have instructor check for credits. (Have one control connected). 


TA-T&R-47 Coyne Electrical School 205 


Job No. 8 | | Testing & Repair 


SPLIT-PHASE TO CAPACITOR-START 


Objective 


1. To learn the difference in the starting torque of a single-phase split-phase 
motor and capacitor-start motor. 


2. To determine the correct capacity for best possible torque when changing from 
"split-phase" to "capacitor-start". 


Average Time Required: 2 hours 


Reference: Lesson #8 


Tools, Equipment & Materials: 


Panel board used on Job #7, #24 wire, VOM, T & R tool set, motor, six electrolytic 
capacitors and one a-c ammeter. 


Precaution: 1. Be sure and connect capacitors in series with the "start" winding - 
use #2 wire. 


2. Make chart to show results 


Procedure steps 


1. This test is to be worked with the same motor and panel board used on Job #7. 
2. Obtain six capacitors at the stock room. 
3. Check the capacitors for opens, shorts and grounds. 


4, Make a locked rotor test with motor connected "split-phase" and have the job 
checked by an instructor. 


5. Make a locked rotor test with the motor connected with one capacitor in series 
with "start winding." 


6. Add capacitors #2, #3, #4, #5, #6 - record the amount of capacity and torque 
developed for each combination. 


{. Take readings on ten different parallel combinations. 

8. Determine the correct capacity for the best possible torque. 

9. Using an anmeter, determine the amount of current drawn by the motor when it 
is connected "split-phase" and also when connected capacitor-start for maximum 


torque. 


10. Have an instructor check the job for credits. 
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RECONNECTING THREE-PHASE STATOR 


Objective 


To obtain practice in reconnecting a motor for different operating voltages. 


Average Time Required: 6 hours 


References 


Tools, Equipment & Materials 


1. 3-phase stator (obtained at desk) 
2. T & R tool set 

3. Pencil and paper 

4, Volt+-ohmmeter 


Precaution: Do not fail to place arrows on the "coil-groups" when making the 
straight-line diagrams. 


Procedure Steps 


1. Draw a line diagram of the winding connected 2-circuit star, 3-circuit star and 
6-circuit star. Use a different color for each circuit. 


2. Have an instructor check the diagrams 

3. Connect the winding 2-circuit star. 

4, Have this connection checked by an instructor. 
5. Connect the winding 3-circuit star. 

6. Have this connection checked by an instructor. 
7. Connect the winding 6-circuit star. 


8. Have this connection checked by an instructor. 
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RECONNECTING A STATOR FOR A DIFFERENT NUMBER OF POLES 
Objective 


To learn that a different number of coils "make-up" a coil-group when winding any 
given stator for a different number of poles. 


Average Time Required: eC hours 


References 


Tools, Equipment & Materials 


1. Stator wound in the department 
2. T & R tool set. | 
3. Volt-ohmmeter . 


Precaution | 


After you have a good start with your "change-over" (from 6 to 4 poles), check with 
an instructor to see that you have not misunderstood the technique. 


Procedure Steps 
1. Disconnect all jumper connections. 
2. Regroup the coils for a four-pole machine. 


3. Connect the proper coil-groups in series to form the first phase. Use short 
jumpers. 


4, Test with the compass and DC for correct connection, 


Connect the second phase (watch "start" lead). 


OY NJ 


. Test the second phase by using the method used in step "4". 
7. Connect and test the third phase. 
8, Connect the winding "one-circuit-delta". 


9. Test the completed job, at the lamp bank test table, with a magnetic or rota- 
ting compass. 


10. Have an instructor check for credit. 
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NINE LEAD MOTOR 


Objective 


To locate and tag the leads of a nine-lead motor properly 


Average Time Required: 1 hour 


References 


Equipment, Tools & Materials 


1. Coyne multimeter 

2. Nine-lead motor 

3. Set of identification tags 
Precaution 


Make no connections and do not change any connections while the motor is connected 
to the line. Watch the range of the VOM! 


Procedure Steps 
1. Determine whether the motor is star or delta. 


2. Test the leads according to the procedure in lesson No. ll, and connect the 
winding series. 


3. Have an instructor check the connection. 
4, Connect the winding parallel. | 
5. Have an instructor check the connection. 


6. Apply the above procedure to one more motor. 
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ADJUSTING AUTOMATIC IRONS 


Objective 


To learn how to check for defects and to adjust an electric iron. 


Average Time Required: 1 hour 


References 


Tools, Equipment & Materials 


. set of appliance tools 

. Volt-ohmmeter 

. Test lamp 

. Other material and equipment necessary may be obtained at the desk. 


FWNMrFH 


Precautions: 
1. A heated iron can give you a serious burn. BE CAREFUL. 
2. Do not force any screws - threads in plastics and bakelites can be "stripped" 
easily. 
Procedure Steps 


1. Obtain a set of appliance tools and an iron at the stock room. 


2. Check the cord and iron for "opens" and "shorts" by using the volt-ohmmeter. 
The volt-ohmmeter should be "set" on the low-ohm range. 


-3. Check the iron for opens and shorts by using the volt-ohmmeter. 


4, Check the iron for grounds using 110 volt test lamp or a 2 watt, 110 volt neon 
lamp. 


5. Check the iron with the test lamp or volt-ohmmeter to make sure the contacts of 
the thermostat open when the control knob (temp. control) is set in the "off" 
position. 

6. Check the "stop" position. 


a. Rotate the knob slowly from "off" position and check to see if contacts close 
between "off" and "rayon", but near the lower marking for "rayon". 


b. Continue to rotate clockwise and make sure knob pointer reaches highest mark- 
ing on "linen" before stopping. 
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A 
B 
Cc 
D 
E 
F 
G 
H 
I 
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Bakelite Handle 
Indicator Spring 
Handle Insert 
Indicator Knob 
Insulator Fin 
Bracket Fin 
Adjustable Arm 
Pressure Plate 
Asbestos Pad 


ZBOvVOZERTA™ 


Top Shell 
Sole Plate 
Swivel Cup 
Strain Relief 
Brass Eyelet 
Rubber Gasket 
Cord Spring 
Cord 

Cord Bushing 


E<a4u 


‘ole ite! 
No = 


Thermostat Blade 
Control! Blades 
Terminal Block 
Control Lead 
Cover Plate 
Adjustable Screw 
Cotter Pin 
Mounting Screw 


“ON GOL 
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. Follow instructors directions, carefully, on disasembly. 


Check the construction and the connection of the thermostat. What is the advan- 
tage of the thermostat adjustment? 


. Reassemble the iron 


Check for opens, shorts, and grounds. 
The following procedure should now be applied: 


a. cet the temperature control at the highest heat position. 

b. Connect the iron. Place it on the test stand and allow it to heat for three 
cycles before taking any readings. Watch the instrument to see that the 
needle does not attempt to go above the range of the instrument. Highest set- 
ting equals 475° to 600°, 

c. After the thermostat "cuts-off" the third time, take a reading the next time 
the thermostat closes. 

d. Take a second reading when the thermostat opens. 

e. Compute the average temperature by adding the two above readings and divid- 
ing by two. , 


Example: Cut-on temperature .... . 530° 
Cut-off temperature ... . 580° 
1110° 


f..To find the differential, subtract the "cut-on" reading from the "cut-off" 
reading. 


Example: 580° - 530° equals 50° 


g. Compare the average temperatures and the differential with the limits given 
in a chart or table. These tables are developed by the manufacturers. 

h. A check of one position is all that is necessary. To change the knob posi- 
tion to agree with the temperature records, lift the knobon the splined shaft 
and reset it on the shaft. Rotate the knob clockwise if the reading is high. 
Rotate the knob counter clockwise if reading is low. One notch on the shaft 
equals approximately 15%. 


Check the wattage of the iron and apply a hi-potential test. 


a. W equals plus or minus 5% of the name-plate. 
b. Hi-potential equals 1100 volts or you may use a 2 watt, 110 volt neon lamp. 


A usable temperature chart follows: 


Rayon (low) ...... . . 275° to 350OF 
Rayon (high. ...... . 350° to 400°F 
Wool. . .. ee ew ee «© 4O0O to 4500F 
Cotton . «2. « « « « « « « 450° to 50007 
Litem.<4 . « « » » « «© & » « BOO” fo S507 
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WIRING SYSTEM VOLTAGES 


Objective 


To learn how to identify the different types of wiring systems by voltage measurements. 


Average Time Required: e hours 


References: 


Tools, Equipment & Materials 
Volt-ohm-milliammeter (set on 600 volt range). Paper, and pencil. 


General Information 


There is a "voltage panel" mounted on work bench "B" and a "voltage panel" mounted 
on work bench "D". 


Each panel consists of four horizontal rows of terminals. There are six terminals 
in each horizontal row; consequently there are four terminals in each column. Each 
column is a different system. Each colum is numbered. 

Check Report Sheet, Notice it consists of twenty-five problems. To answer these pro- 


blems it is necessary to identify the type of wiring system that. is connected to each 
column on each of the panels. 


Procedure Steps 
1. Proceed to either side of the panel mounted on work bench "B". 
2. Set the multimeter on the 600 volt range. 
3. Take the voltage readings across the terminals in column l. 
4, Record the voltages of column 1 as to location and magnitude. 
5. Take voltage readings across the terminals in column e. 
6. Record the voltage of column 2 as to location and magnitude. 
7. Continue, as above, on the remaining columns. 
8. Apply above procedure to the panel on work bench "D". 


NOTE: You should now have sufficient information recorded to enable you to 
answer the questions on the report sheet. 


9. Answer problems on the following report sheet, remove it from the book and hand 
it in at the desk for grading. Be sure you have signed your name and student 


number on the report sheet. | 
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Testing & Repair 


WIRING SYSTEMS 


Draw a red line through the correct answer! 


Job No. 13 


NAME STUDENT # 

1. Always be sure the voltmeter you are using has a range for the maximum voltage 

you might have to measure. TRUE FALSE 

2. Each column on each panel, represents a system. TRUE FALSE 

3. There are no voltages higher than: 120 V; 2koV; 320V; 4yov; 

4. The system on column #1 of panel on workbench "B", is a: 3-wire, 3-phase system; 
3-wire, 1 phase system; 
3-wire, 2-phase system; 

5. The system on column #5 of panel on workbench "B" is a: 3-wire, 3-phase system! 
3-wire, 1-phase system; 
3-wire, 2-phase system. 

6. The system on column #3 of panel on workbench "B" is a: 4-wire, 3-phase delta; 
4-wire, 3-phase star; . 
4-wire, 2-phase system; 

7. You will find how many voltages on a 3-wire star system? 2, 4, 5, 6, 3. 

8. "Phase" voltage is the same as "line" voltage in a star system. TRUE FALSE 

9. "Phase" voltage is the same as "line" voltage in a delta system. TRUE FALSE 

10. How many different values of voltage will you find in a 4-wire, 3-phase delta 


i 


1. 


13. Are there any "Edison" systems on the panels? 


14. 


15. 
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connected system? 1, 2, 3, 4, 5, 6, 7, 8 


How many different values of voltage will you find in a 4-wire, star connected 


system? 1, 2, 3, 4, 5, 6. 


The system on panel on workbench "B", connected to column #4 is two single-phase 


systems. TRUE FALSE 


YES 


NO 


The system on column #2 of panel on workbench "D" is a: 1l-phase, 3-wire system; 


3-phase, 3-wire system; 
e=phase, 3-wire system; 


Consider three single-phase transformers. You wish to connect them into a 3-phase 
system. You connect them "delta" on the secondary side. Before connecting the 
last jumper you use a voltmeter to measure the voltage between the two points 
you wish to connect together. The voltmeter should read: 


PHASE VOLTAGE 


ZERO LINE VOLTAGE 
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16. The system of panel on workbench "D"; column #1, is a 2-phase, 4-wire system. 
TRUE FALSE 
17. The system of panel on workbench "D", column #3, is a 3-wire, 2-phase system. 
TRUE FALSE 
18. The relation of voltages on a 4-wire, 3-phase delta system is: 
100%, 85% 100%, 58% 100%, 50%, 86.6% 100%, 50%, 68%. 
19. The system of panel on workbench "D", column #4, is a: 
2-phase, 4-wire system; 
e-single-phase systems; 
4-wire, 3-phase star system; 
4-wire, 3-phase delta system; 
20. The system of panel on workbench "B" column #6, is a: 
3-phase, 4-wire delta; 
3-phase, 4-wire star; 
4-wire, 2-phase system 
21. The middle tap on one of the "phases" of the system on column #4 is connected 
to which terminal? 1, 2, 3, 4. 
(Terminals numbered from top to bottom. ) 
22. The "common" wire, in the system connected to the sixth column, is connected to 
which terminal? 1, 2, 3, 4. (Panel on workbench "D".) 
(Terminals numbered from top to bottom. ) 
23. The system of panel on workbench "B", column #2, is a: 
l-phase, 3-wire system; 
e-phase, 3-wire system; 
3-phase, 3- wire system; 
24. The system of panel on workbench "D" column #3, is a: 
3-wire, 3-phase system} 
3-wire, l-phase system; 
3-wire, 2-phase system; 
25. The system of panel on workbench "D , column #5 is a: 
3-wire, 3-phase system; 


3-wire, 2-phase system 
3-wire, single phase system. 
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MULTI-SPEED WINDING 
Ob jective 
To change a 3-phase salient pole winding to a multi-speed winding. 


Average Time Required: 


References: Lesson No. 14 
Tools, Equipment & Materials 
Stator, Diagram Fig. 1 or 2 in lesson No. 1}. 


Precaution 


Be careful about placing tags on leads. Be careful of voltage on test bench. 


Procedure Steps 


1. Change connections of windings for four and eight pole operation according to 


instructions in lesson Number 1}. 
2. Cut the leads short and tape all jumper splices and all stub splices. 
3. Have an instructor check the completed job. 


Be prepared to answer questions on multi-speed motors. 
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VACUUM CLEANER MOTORS 


Objective 


To disassemble and check a vacuum cleaner motor. 


Average Time Required: 3 hours “4 


References: Lesson #15 - 


Tools, Kgquipment & Materials 


1. Vacuum cleaner 
2. T&R tool kit. 


NOTE: If brushes and springs are needed, see an instructor at the desk. 
3. Volt-ohmmeter 
Precaution: Keep hands away from the fan when operating the motor. 
Procedure Steps 
1. Obtain a universal motor at the desk. 
2. Remove the brushes and springs first and then completely disassemble the motor. 
¢ 


3. Check bearings - what is the condition of the bearings? 1. ¢ tts 
2. FD A-¢# 


a So ae 


5. Determine the number of poles in the motor armature. How many are there? 1. 
og AT -ae 


| 6. Check to determine if the Sa Bp is symmetrical or paige Sen Which is 


e winding used? 


| 

7. Check to ea egre if the armature is wound lap or wave? Which is it? 1. tak 
| on fag 

| GE ca ise Le | 


| 9. Check the coil span. - What is the coil span? 1. 


Ta. the- cotta a sop Pe ae 


as yearn a if changed from lap to wave, or iia ~versa P avis iouia: ce aes be the 
effect on the voltage rating? l. | | 
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4, Determine the number of poles in motor field winding. How many are there 1. Lavo 
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10. Check to determine if the “sida is connected progressive or ee 
Which did you find? 1. “~., ¥ att << a, 
Why is this type connection used on this motor? 1. 
2s 
What would be the effect on Pe aaa. 
if changed So peteureae le to retrogressive or vice- versa? 1. 


Bas is the proper method ae PeTere ae rotation? 


to 
2 oS) A taf AL! - 


7 is the iron of armature always laminated? ...,.-, 
: bbe oA ae ve ( 


11. Check the voltage drop across each field coil. (apply 6V. d-c i hah eee 
drop seross each coll? 1. ag 3. - 5. Q o- 


Is armature grounded? 1. 4. we Cte ae Does armature have 
an open? 1. 2 a 2. a a Does armature have 
a snort! L. a1 = eer” Is field grounded? 


7 a a 24 aw 


12. Reassemble the motor. 


13. Test the motor to see if it will operate. 


= ¥T- " - a Sm afer a -ae - r . . ” . = | 
i Ne. 7 Se NO rt eT OV PP nar kb “nic 
o wee $ sea «> 7 OS Aman “ LAS WU , fs On & hw 6 OF 6S SPS 
AY Ne SLRS WY. eS 
- ) Eiesists lo 


15. Return the motor to the desk. Obtain another motor and repeat the above procedure. 
Credits will be allowed upon completion of the second motor. 
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BEARING REAMING 


Objective 


To learn a procedure for installation and reaming of bearings. 


Average time required: e hours 


References: Lesson #16. 


Tools, Equipment and Material 


1. Motor and bushings. 
2. Bearing tool kit (the bearing puller contains 17 parts) 
3. Bearing reamer. 


Precaution 


Testing & Repair 


Never turn a reamer counter-clockwise. Never expand the reamer while it is in the 
bearing. Check the bearings to see that they are not too small for bearing housing. 


Procedure Steps 


1. Obtain at stockroom, a motor, bushings and tools, including bearing reamer. 


2. Disassemble the motor and remove the old bearings. 


NOTE: To pull the bearings from the housing, pull from the outside toward the 


inside. To replace bearings pull from inside, out. 


3. Replace the bearings with new ones. 


NOTE: Be sure the slot in the bearing is lined up properly in the housing. 


4. Ream bearings for .510", .515", .520" and .525". Check each demension with the 
3 Bs 


proper plug gauge. 


CAUTION: Never expand reamer while in bearing. Never expand the reamer more than 


one-fourth turn, for one cut. 


5. Have an instructor check your job after the bearings have been reamed for .525". 


6. Return the motor and tools to the stockroom. 
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MAGNETO IGNITION SYSTEM 
Objective 


To learn the fundamental operating and mechanical characteristics of a magneto igni- 
tion system. 


Average Time Required: 1 near 


References: 


Precaution: Do not operate the magneto with the distributor cap removed. 
Procedure Steps 
1. This test stand is assembled on the table lettered "I". 
2. Operate the system and write answers to the following questions: 
a. Make of magneto? 


b. Designed for how many cylinders? 


, ers what speed is the magneto on this stand being driven? 
ye py" 


da. On an engine, at what speed would it be driven in relation to crank-shaft 
speed? 


e. What is the direction of armature rotation? 
f. What is the direction of distributor rotation? 
g. What is the firing order according to distributor numbers? 


h. How many sparks occur for each revolution of the armature? 


triaig-trt[er— ae 
1. How is the safety-gap connected in relation to the spark plugs? .. . 


m. In which circuit is the control switch operated? 
n. Why does the engine stop when the control switch is closed? 


o. In which direction is the breaker-box moved, in order to advance the spark? 


a aaa an 
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Job No. 18 


MAGNETOS 


Ob jective 


To learn to disassemble, check, and reassemble a magneto. 


Average Time Required: 3 hours 


References: 


Tools, Equipment & Materials 


1. Magneto 
fn t eee ROOL 1%; 


Testing & Repair 


3. Additional tools may be obtained, as they are needed, at the desk. 


Precaution 
Follow disassembly procedure carefully, lesson No. 18 


Procedure Steps 
1. Obtain magneto at the stockroom 


2. Disassemble (follow disassembly procedure in lesson 18 carefully). 


3. Make tests as indicated on Fig. 1 and also fill out the chart. 


4, Reassemble the magneto (Be sure the keepers are used when removing the magnets 
for charging and be sure the magnets are placed on the magneto frame properly). 


“5. Have the data, Fig. 1 and the magneto checked by an instructor. 


6. Return the magneto to the stockroom and have it exchanged for another. 


\ ‘ 


.T.\ Apply the above procedure to the second magneto, After completing the second mag- 


3 
' 
f 


completion of job. 


~Q 
_ 
Ss 
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neto, return it to the stockroom and exchange it for a third magneto. 


8. Apply the above procedure to the third magneto. Instructor will allow credits for 
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Testing & Repair Job No. 18 


TESTING MAGNETOS 


MAKE CHECK | enECK CONDITION oF | enECK CONDITION oF vhbishll dda 0 


f 
> a f a ag a of tA. = - e) —- = Z Re 
ty j z= C & e or ‘4 os a vy wes frre 4 4 A P r a 2 a “ , 
pd lod G fr 4 an * 
© : 
205 £ Z od —_, it a 
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TESTING 
PRIMARY 


TESTING 
SECONDARY 


—> 


SCREW DRIVER a 


Ges, 


—— MAKE AND BREAK 


ean, PRI. CIRCUIT HERE 
EK, = Goa eh Ee 
Rina sh 
o(imml|| i—— m—1H X_) : 
SPARK JUMP mae 
TEST ea 


2 ‘N IN ORDER TO TEST 


Oo 
cla ag CAP, PRI. WINDING 
TESTING MUST BE DISCONNECTED 
CONDENSER AS SHOWN. 
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Job No. 19 | Testing & Repair 


AUTOMATIC FURNACE CONTROLS 


Ob jective 


To analyze an automatic furnace control circuit and connect one for proper operation. 


Average Time Required: 2 hours 


References: Lesson 19 


Tools, Equipment & Materials 


is 2 & BR tool kit. 
2. Scrap wire #24. 


Procedure Steps 
1. Trace the circuits on Fig. 1 as follows: 


a. Trace in RED, that circuit which opens the draft when the control knob is set 
on "open draft". 


b. Trace in BLUE, that circuit which closes the draft when the heat in the bonnet 
has reached the temperature for which the limit control is set. 


cc. Trace in GREEN, that circuit which is completed when the temperature in the 
bonnet has dropped below "low" setting at night and the room temperature below 
thermostat setting. 


d. Trace in BLACK that circuit which continues closing or opening the damper after 
the switch wheel has turned about 50°. 


2. Have the diagram checked by an instructor. 
3. Obtain some scrap wire #2}, , and connect up a furnace control panel. 


4, Have an instructor check the completed job. 
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Job No. 20 Testing & Repair 


DISASSEMBLY & REASSEMBLY OF A SMALL POWER MOTOR 
Objective 


To learn the importance of the proper placement of the washers on the shaft of a 
small power motor. 


Average Time Required: 1 hour 


References 


Tools, Equipment & Materials 


Mai 2 OO BUCO] kit. | 
2. If it is necessary, you may obtain soldering iron, solder, tape or washers at the 
desk. 


Precautions 


Take the end bell off easily. -Do not leave motor "plugged in" for more than three 
seconds. 


Procedure Steps 
1. Obtain "magnetic-center-motor" from the stock room. 
2. Disassemble the motor. 
3. Rearrange the washers on the shaft of motor so the motor will not operate in the 
horizontal position, but will operate if placed vertically with the switch on the 
bottom. 


4, Have the motor checked by an instructor. 


5. Disassemble the motor again, rearrange the washers properly, and reassemble the 
motor. 


6. Have an instructor check the completed job. 
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Testing & Repair Lesson No. 21 


EQUALIZERS 


Ob jective 


To learn to test an armature which has 100% equalization. 


Average Time Required: 1 hour 


References 


Tools, Equipment & Materials 


1. Coyne Multimeter 
2. T& R tool set. 


Procedure Steps 
NOTE: The instructor will show you the location of the armatures. 
1. Check each armature carefully and fill in the following: 


a. Coil span - No. 1 
No. 2 


b. Number of segments - No. 1 
No. 2 


c. Segments of equal potential (mechanical degrees) - No. 1 
No.2 


d. Number of bars (segments) spanned by the equalizer - No. 1 
No. 2 


e. To which segments should DC be applied? - No. lL 
No. 2 


2. Have “step number one" checked by an instructor. 
3. Obtain a battery and a rheostat at the desk. 
4, Apply testing procedure as given in lesson 21. 


5. Check for: 


_ SHORTS 


6. Have an instructor check the completed job. 
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Job No. 22 Testing & Repair 


FANS 


Objective: 


To learn a disassembly procedure, construction and testing of an electric fan. 


Average Time Required: 1 hour 


References: 


Tools, Equipment & Materials 
1. Coyne multi-meter 2. Appliance tool set 3. T&R tool set 


Precaution: Do not "force" screws in plastic or bakelite handles or covers. 
Do not "plug-in" a fan when guard is removed. 


Procedure Steps 
1. Obtain a set of "appliance tools" at the stockroom. 
2. Obtain a fan from an instructor. 


3. Check the cord and fan for "opens" and "shorts" by using the volt-ohm-milliameter. 
The volt-ohm-milliameter should be set on the "low" ohm range. 


4. Check the fan for opens and shorts by using the volt-ohm-milliameter. 


5. Check the fan for grounds using a 110 volt test lamp or a 2 watt, 110 volt neon 
test lamp. 


. Does the fan change speed when the control is varied? 

When disassembling the fan, follow instructors directions carefully. 
. Check construction and connection of the speed control. What type? 

. What type of motor is used? 


10. Fill in the chart: 


OPENS SHORTS 
STATOR WINDING Sees eae PSE 
ROTOR ey 


GROUNDS 


ll. Reassemble motor. 


12. Make use of a watt-meter or ammeter and voltmeter and check the power input. 
Would you change the number of blades on a fan to move a greater volume of air? 
Explain. 
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Testing & Repair Job No. 23 


MOTOR INSTALLATION 


Objective 
To determine the specifications on the installation of a three-phase motor. 


Average Time Required: 1 hour 


References: 


Tools, Equipment & Materials: 


Problem \ 


Determine the specifications on the installation of a three-phase, a-c squirrel cage 
motor, DUTY 


It is rated Horse-power, volts » code letter 


It is a class motor. 


Procedure Steps 


1. Size of motor branch circuit conductors 


2. Rating and type of motor branch circuit over-current protective device 


3. Rating and type of disconnecting means 

4, Rating and type of motor running over-current device 
5. Rating and type of controller 
6 


. Should the motor be grounded? If so, how? Why? 
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Job No. 24 Testing & Repair 


IDENTIFICATION OF SIX-LEAD MOTORS (MULTI-SPEED) 


Objective 
To determine and identify the leads on six-lead motors. 


Average Time Reguired: e2 hours 


References: Lesson No. 24 


Tools, Equipment & Materials 


1. Six-lead motor 
2. Volt-ohmmeter, VOM 


Precaution: Be sure VOM is not "set" on ohm range when measuring voltages. 
Procedure Steps 

1. Obtain a multi-speed motor at the desk. 

2, Determine if the motor is connected star or delta. 

3. Apply proper tagging procedure as given in lesson number 2. 

4, Have an instructor check the completed job. 


5. Exchange the motor at the desk. If the motor used was "delta", exchange it for a 
"star" and vice-versa. 


6. Apply proper tagging procedure as given in lesson number 2}. 


(. Have an instructor check the completed job. 
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Testing & Repair Job No. 25 


A-C MOTOR STARTER TESTING 


Objective 


To obtain experience in the use of a multi-meter for testing motor starters. 


Average Time Required: 


References 


Materials, Equipment & Tools 


Procedure Steps 


1. Test the starter panel to see if it is connected to power. If it is not connected, 
throw the branch circuit switch to connect the starter to the line. 


2. Press the start and stop buttons to see if starter and motor are operating cor- 
rectly. If motor will not operate, call an instructor. 


3. Have an instructor put faults in the starter. 
4, Using the multi-meter test to locate faults in the starter. 


5. Draw a diagram of the starter circuit, showing all the terminals on the starter 
panel, mark on the diagram, the exact position where the fault is located. 


6. Have an instructor check, the diagram, before any repairs are made to the start- 
ers. 


7. Have an instructor check for credit when the starter is again in working condi- 
tion. 


NOTE: 1. Principal parts in the starter are - saturable current transformer thermal 
heating unit, and the thermally operated releasing mechanism. 


2, When the current to the motor does not exceed 150% of full load, the current 
in the secondary and therefore the current through the relays, is about the 
same as that through the motor. 


When the current exceeds 150% of the full load current, which it does during 
the starting period, the transformer core becomes saturated and as a result, 
the relay current increases only slightly above 150% with this value of cur- 
rent through the relays. They will not operate unless the motor current re- 
mains above 150% for more than the normal starting time. This will not take 
place with normal load at starting, and therefore the motor will accelerate 

to full speed without the relays operating. 


After this, the current in the relays will be low, and they will not operate 
unless an overload occurs and persists for same time. 
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Testing & Repair | 
HOMART 


WIRING DIAGRAMS 


STANDARD THERMOSTAT HOOK-UP WITH DAMPER STANDARD THERMOSTAT HOOK-UP WITH DAMPER 
CONTROL CONTROL & LIMIT CONTROL 


SV. LINE —<——— 


15Vv LINE——. 


FAN OR LIMIT 
CONTROL 


DAMPER CONTROL 


DAY & NIGHT THERMOSTAT HOOK-UP WITH DAMPER 
CONTROL CONTROL & LIMIT CONTROL 


STANDARD THERMOSTAT HOOK-UP WITH DAMPER DAY & NIGHT THERMOSTAT HOOK-UP WITH DAMPER 
CONTROL AND FAN & LIMIT CONTROL CONTROL AND FAN & LIMIT CONTROL 


USVLINE <— 


AN OR LIMIT CONTROL HOOK-UP WITH BLOWER UNIT DAY & NIGHT THERMOSTAT HOOK-UP WITH JMI 
PRIMARY CONTROL WITH LIMIT FOR OIL BURNER 
APPLICATION 


FAN OR LIMIT 
CONTROL 


Fig. 2A 
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DAY-NIGHT THERMOSTAT 


Patent Pending 


For Use With Any Two-Wire Automatic Heating Equipment (Oil, Gas or Stoker) 
and Three-Wire Damper Control 


INSTRUCTION SHEET FOR INSTALLATION AND OPERATION 


THIS DAY-NIGHT THERMOSTAT is precision built by expert HOMART Engineers; it will give you man 
years of dependable service. The control is calibrated to operate with a variation in temperature of only 1) 
degrees; where a closer differential is required, the thermostat can be adjusted to a temperature variation as lov 
as ¥%2 degree, however it is not advisable to start the heating unit too often. 


LOCATION — Install the Thermostat on an inside wall, approximately 54 inches from the floor, protected fror 
doors and drafts and several feet from radiators, registers, chimney or warm air ducts. 


ADJUSTMENT — The Day Setting Dial, with red numerals, No. 5, is located at the right hand side of th 
Thermostat; the Night Setting Dial, with black numerals, No. 13, is located on the left hand side of the Thermosta: 
Set Day dial to the temperature reading you find the most comfortable, then set the Night dial slightly lower fo 
economy of operation, and for sleeping comfort. 


The Thermostat is equipped with a lever located at top-center which enables you to prolong the day temperatur 
into the late evening hours by moving the lever, No. 4, to the left as far as it wiil go: this is done rather tha: 
change the Night Dial to a higher temperature. When the need for Day Heat is over, move the lever back t 
its normal position, to the right as far as it will go. 


TO ADJUST DAY AND NIGHT OPERATING PERIODS — Remove the cover of the Thermostat by taking ou 
the two screws on the bottom of 
the case. Note the 24 Hour Dial— 
No. 8. This instrument is set at 
the factory to drop the room tem- 
perature to night level at 10:45 
P. M. and to bring the day tem- 
perature up at 5:30 A.M. No. 2 
Pointer indicates change to Night 
temperature; No. 11 Pointer in- 
dicates change to Day tempera- 
ture. 


The minimum day or night per- 
iod of operation is one hour: the 
maximum day or night period of 
operation is 23 hours. The control 
can be adjusted to change any‘ 
where between these ranges. 


To change the setting of Day and 
Night periods, loosen knurled nut 
No. 1, by turning counter-clock- 
wise about one-eighth turn—no 
more. Move Pointers No. 2 and 
No. 11 to desired positions, then 
tighten knurled nut firmly. 


TO SET THE CLOCK — IM- 
PORTANT — If at 4:00 P. M. 
the position of the black, or 
Night space on Dial No. 12, is 
at the bottom of this 24 Hour 
Dial, it is 12 hours out of posi- 
tion. You should set the clock 
12 hours ahead by turning reset 
wheel, No. 7, in a clockwise di- 
rection — DO NOT TURN THE 
CLOCK BACKWARDS. Pointer 
No. 10 indicates the correct time 
and period of the day — morn- 
ing, afternoon or night. 


ks 


TO SELECT TEMPERA- 
TURE VARIATION ON 
DAY THERMOSTAT—No. 
3 is known as the differen- 
tial lever. This thermostat 
is set at the factory to allow 
a variation of 142 degrees 
in room temperature. If it 
is desired to reduce the var- 
iation in room temperature, 
push lever toward “MIN.”, 
and if desired to widen the 
variation, push the same 
lever toward “MAX.”. 


TO ADJUST CALIBRATION OF THI 
THERMOSTAT — Occasionally in shipping 
the temperature reading on Day Temperatur 
Dial, No. 5, and the reading on the thermom 
eter, mounted inside the Thermostat Case 
may become separated slightly. In order t 
synchronize the two, turn screw No. 6 in | 
clockwise direction to raise the readings o1 
the dial, and in a counter-clockwise directio: 
to lower them. Do not turn more than on 
mark in either direction. The operation ca: 
be applied to the Night Temperature Dia 
by using Screw No. 9. Jt is our opinion that « 
slight difference between the Night Dial and th 
Thermometer Reading is not objectionable. 


HOMART HEATING EQUIPMENT IS SOLD ONLY BY SEARS, ROEBUCK AND CO. 
A. 


Testing & Repair 


DAMPER CONTROL 


INSTALLATION INSTRUCTIONS 


GENERAL OPERATIONAL DATA: 

This Damper Control, operated by the Thermostat, is for use on hand fired heating systems to provide 
automatic control of furnace operation. When the room temperature falls below the thermostat setting, the 
draft door opens, thereby increasing the combusiion in the firebox of the furnace. This causes the room 
temperature to rise to the degree of heat chosen on the thermostat; the draft door then closes and the 
check door opens to retard combustion, thus slowing down the fire. 


DAMPER MOTOR — is automatically set by the Thermostat, and is an automatic safety device which pre- 
vents the furnace from overheating under unusual conditions. It closes the draft doors and opens the check 
door when the heat in the bonnet of the furnace becomes excessive; this retards combustion, slowing down 
the fire, as well as saves fuel. See Instructions furnished with the Limit Control. 


SUGGESTED LIMIT CONTROL SETTINGS — 
On Hand Fired Gravity Furnaces — between 200 and 325 degrees 
On Forced Warm Air Furnaces — between 150 and 200 degrees 


Each installation presents a different problem — if you'll follow these suggestions, and observe the action 
of your installation, it won’t take long before you find the ideal setting for your comfort and needs. 


. m9 a 
INSTALLATION: THERMOSTAT 


1. Use red, white and blue terminals on Thermostat and Damper 
Control. The yellow terminals on the Damper Control provide 
connections for the Day-Night Thermostat. 


2. Connector Jumper on Damper Control between yellow and green 
terminals is to be removed ONLY when Limit Control is to be used. 


3. Mount Damper Control in upright position either on a board ex- 
tending down from an overhead joist or in a convenient location 
on the wall of the furnace room. 


4. When switch on motor is turned to closed position, the arms on the 
Damper Control should be so placed that they will close draft 
and open check. ALWAYS ATTACH DRAFT DOCOR BY MEANS 
OF CHAIN furnished to the left arm of the damper control. 


5. The connecting links of Damper Control arms should be set in the 
best position to give the proper opening of the Damper. On most 
installations the link can be set at the end of the slot nearest the 
shaft, which will usually provide the proper opening: a longer 
throw may be had by sliding the arm link out, and tightening 
the screw firmly. 


TO. 
THERMOSTAT. 6. Locate chain pulleys directly above damper arms in order to 
WBR give a straight pul] on the chain rolling over the pulley. 


7. Eighteen feet of chain is furnished with each unit. If this 
is not sufficient, use wire for any necessary additional length 
between pulleys CHAIN MUST BE USED AT POINTS 
WHERE IT PASSES THROUGH PULLEYS. Two sets of 
hooks are furnished for chain connections: the two small 
hooks are for use on the Damper Control, and the two larger 
hooks are for use on the Draft and Check. 
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WARM AIR LIMIT OR FAN CONTROL 


INSTRUCTION SHEET FOR INSTALLATION AND OPERATION 


This furnace control has been carefully inspected and calibrated before leaving the factory. The fol- 
lowing precautions should be taken when installing or adjusting the control: 


1. DO NOT TWIST OR BUMP THE BI-METAL COIL. as this may permanently distort the coil, 
destroying the correct calibration and impairing the accurate performance of the instrument. See instruct- 
ions on differential setting before making adjustments. 


2. DO NOT OVERLOAD—Check the nameplate for the electrical capacity and make certain that the 
load to be handled is within the rating. 


3. DO NOT OIL ANY PARTS on this instrument as oil accumulates dirt and may become gummy with 
age and heat, thereby interfering with the sensitivity of the control. 


MOUNTING THE CONTROL: 


1. Hold the Mounting Flange “A” against the sloping por- 
tion of the bonnet as indicated. 


2. Drill four % inch holes for the sheet metal screws. 
3. In the center drill the hole 1% inch in diameter. 


4. Fasten to the bonnet of the furnace with the four sheet 
metal screws (furnished). This mounting flange should 
be mounted vertically with the greater portion of the 
center slotted hole extending downward. 


5. Attach by means of two screws (furnished) as shown in 
“B”; both screws should be drawn up tight. 


Attention is called to the fact that the control will operate 
satisfactorily even though it is not mounted vertically. 


Use the wiring diagram designed for your particular installation and 
connect the furnace control as indicated. If so desired, or if City Ordi- 
nance requires it, the rubber grommet may be removed from the hole 


in the base and BX or conduit fitting may be used in its place. 


foment 
FIG. 2 
MOUNTING CONTROL 


DIFFERENTIAL SETTING refers to the amount of heat necessary to 
reverse the action of the switch. The instrument as it leaves the factory is 
satisfactory for most applications. If it is found necessary to change the dial 
setting. loosen lock screws by turning in a counter-clockwise direction: set Blue 
pointer to the desired operating temperature on the dial: set Red pointer to 
operating temperature desired: WITH THE FINGERS ONLY. tighten Pointer 
screws: when loosening or tightening screws, it is a good idea to steady the plate 
with the other hand so that there is no appreciable load applied to the Bi-Metal 
Coil. In Diagram Illustration, the circuit will open at 250 degrees and close at 200 
degrees, operating on a differential of 50 degrees. The settings shown in Fig. 
3 are not recommended settings but are used for illustrative purposes only. 


HOMART HEATING EQUIPMENT IS SOLD ONLY BY SEARS. ROEBUCK AND CoO. 
U.S. A. 
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HOW TO USE THE TEST BENCH: 

Test d-c motors by connecting to 3-point starter ter- 
minals, A,F,F,A. SW, is arranged to connect the start- 
er to either 110E or 220E, which must be supplied from 
separate sources, or from a single source provided with 
proper voltage control, the current rating of the re- 
sistor bank, its resistance in ohms, the current rat- 
ing of fuses, switches and the d-c supply will be de- 
pendent upon the size of d-c machines to be tested. 
Closing SW2 completes the circuit from 110E d-c supply 
to the 2-pole switch marked 110E d-c for testing appar- 
atus directly across LI1OE d-c. 


ELECTRICAL TEST BENCH CIRCUIT. 


~ Fo LAMP BANK. 


220€E. 
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The fuses Fj, Fo and F3, Fy in the test lamp and con- 
venience outlet circuits should have a current rating 
of 301 or less. SW) completes the circuit from one 
phase of the 3-phase transformer primary to the 2-pole 
switch marked 127E a-c and will supply current for con- 
tinuity tests, soldering iron or testing small motors 
or other apparatus directly across the line. 220K, 3- 
phase is available directly from the 3-phase supply 
line. A transformer may be used to obtain 440E for 
testing. The KVA rating of the transformer will be de- 
termined by the size of motors or other equipment to 
be tested at that voltage. 

The lamp bank is arranged to parallel 2, 3 or 4 lamps 
to limit the current through stator windings or d-c 
armature windings when testing for opens, grounds or 
reversed connections. SW2 connects the lamp bank to 
either d-c or a-c. Apparatus under test is connected 
to 110E d-c or 127E a-c. SW3 and SW) must be in open 
position when lamp bank is in use, otherwise lamp bank 
is shunted. 
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WIRING w@) SPEED DATA ———— 
TYPE OF MOTOR DIAGRAM HP. Rated Speed Speed ; 


GENERAL 
to Constant M 
PURPOSE 1/3 
tJ 
ww) 
et 
a HIGH ry 1725 | C 3 
. TORQUE 7 onstant High 
— 
A. 
W) 
1-Pole 
TWO-SPEED 1/8 | 1725/1140) op, Double- 
Switch 
GENERAL 
PURPOSE 
E Extra 
(Capacitor-Start, J panama High | 
Induction-Run ) 
O 
E | TWO-SPEED, 1728/1140] two. | Double- 
| Capacitor-Start J 1725 /860 Speed Throw M 
a (Two Windings ) Switch 
O 
SINGLE ee betes! vices 
VALUE a er Low M 
(Permanent FL Adjustable Autotrans- 
Varying 
Split } former 
6,,| GENERAL 
Gm%| PURPOSE Extra 
=] (Repulsion- Start FR * aaa High 
Py Induction-Run ) 
AQ 
iitj] = SHADED nae 
<t% POLE : FE Adjustable} Choke Coil Low 
en Varying 
PHASE FBH sa i: 
D 7 
APACITOR- 
2 Cc Bd Medium | M 
Oo START : 
Absolutely 
= Constant 
WN 
SQUIRREL ; 
CAGE Constant High , 


MOTOR SELECTION GUIDE 


APPLICATION DATA 


For applications up to 1/3 hp where medium starting and breakdown 
torques are sufficient. Low starting current minimizes light flicker 
making motor very suitable for frequent starting, such as on oil 
burners, office appliances. fans and blowers. Thermoguard available 
for ratings from 1/8 hp up. 


Designed for continuous and intermittent duty applications where 
operation is infrequent and starting current in excess of NEMA values 
is not objectionable. Ideal for washing machines, ironers, sump 
pumps, and home workshop machines. May cause light flicker on 
underwired or overloaded lighting circuits. 


Recommended for belted furnace blowers, attic ventilating fans and 
similar belted medium-torque jobs. Simplicity permits operation with 
any |-pole, double-throw switch or relay. Starts equally well on either 
speed thus can be used with thermostatic or other automatic control. 
Thermoguard recommended as tight belt or incorrect pulley ratio 
may overload motor. 


All-purpose motor for high starting torque, low starting current, 
quietness and economy. Efficiency and power factor among highest. 
Ideal for all heavy-duty drives, such as compressors, pumps, stokers, 
refrigerators and air conditioning. Single voltage in 1/6, 1/5 and 1/4 
hp, 4-pole sizes—-dual voltage in all others. All sizes obtainable with 
Thermoguard. 


Supplements line of 2-speed split-phase motors (see above) and is used 
yi identical applications requiring horsepower ratings from 1/3 to 
3/4 hp. 


For direct connected fan drives . . . particularly unit heaters. Not for 
belt drives. Same motor adaptable for 110 or 220 volts for 1-speed, 
2-speed, or multi-speed service by use of 1-pole, single-throw switch, 
2-pole, double-throw switch, or speed controller, respectively. Fan 
load must be accurately matched to motor output for proper speed 
control. All ratings dual voltage and dual rotation. 


Suitable for applications requiring high breakaway torque, such as 
certain types of industrial compressors, machine tools and farm ma- 
chinery. All ratings are dual voltage. Resilient mountings not available 
with this type of motor. 


Enclosed for fan duty in sub-fractional hp range cooled by air flow 
over motor Available with sleeve or ball bearings, rigid, resilient or 
footless frame, and with 2 or 3-speed controller. Driven fan load should 
be accurately matched with motor output to get proper speed control 
No conduit box—conduit connector optional. 


Definitely constant speed. Principal applications are on instruments, 
sound recording and reproducing apparatus, teleprinters and fac- 
simile printers. Type selected depends largely on starting torque. 
Type FBL is recommended where low watts input is desirable and low 
starting torque is sufficient. Type FBH or FB] are recommended where 
higher starting torque is needed. Pull-in torque on all types is affected 
by inertia of connected load 


For all applications where polyphase circuits are available. Special 
designs with extra high starting torque for such applications as hoists, 
docr operators, tool traverse and clamp motors. All ratings available 
with ball bearings to meet the special needs of industrial applications. 
All permit starting directly across the line. Overload protection usually 
provided in control. 239 
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Testing & Repair 
COYNE UNIVERSAL METER TYPE B 


OPERATING INSTRUCTIONS 


1. General: This compact instrument has been designed to cover the vari- 
ous tests necessary in the construction and servicing of Radio re- 
ceivers, amateur radio transmitters, and practically all types of 
electrical machinery. 


The bakelite case reduces the danger of shock. The test leads of high 
insulation are equipped with clips and rubber insulators so that con- 
nections can be firmly made to high voltage circuits before the power 
supply is turned on. 


The scales have been selected to adapt it to various applications at 
commercial voltages. 


This meter will measureD.C. volts, D.C. millivolts, D.C. milliamperes, 
D.C. amperes (with an external shunt) A.C. volts, and resistance in 
ohms and megohnms. | 


A 1.5 volt internally mounted dry cell provides the voltage for re- 
sistance test on the ohms scale. An external 500 volt D.C. supply is 
necessary when using the megohm scale. 


The sensitivity of the D.C. volt ranges are 1000 ohms per volt. The 
A.C. volt ranges have a sensitivity of 400 ohms per volt. 


All D.C. values are read on a black scale, all A.C. values are in- 
dicated on a red scale and all resistance values are shown on a green 
scale. 


When using this instrument always be sure that the selector switch is 
on the correct range before the test leads are applied and never move 
the selector switch when the meter is connected to a live circuit. 


When the value of the quantity to be measured is unknown, always start 
on the highest range and work down from this range to the one that 
provides the most convenient deflection. When the selected range is 
unsuitable, remove the leads from the live circuit, change to the 
range desired, and then make the test. Always remember that one mis- 
take may ruin the instrument. 


CAUTION: Due to the danger always present when testing high voltages. 
Be sure toclip the leads on and make connections while the power is 
off. Never open switch while meter is connected to high inductive 
circuit, as in testing shunt fields etc. 


The 150 M. V., 15 V., 150 V-, 300 V. and 600 V. D.C. ranges are made 
available by rotating the range selector switch to the desired range 
located on the left side of the panel. Plug the black test lead into 
the black negative (-) jack and place the red test lead in the red 
positive (+) jack. Polarity must be correct, otherwise the needle 
will tend to go off the scale backwards with possible damage to the 
meter. 


All D.C. volt ranges are read direct on the black D.C. scale and black 
figures with the exception of the 15 volt range. The 15 volt range is 
read on the 150 D.C. scale and divided by 10. 
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Testing & Repair 


A. C. VOLTS 


The 15 V-, 150 V-, 300 V., and 600 V. A.C. ranges are made available 
by rotating the range selector switch to the desired range located on 
the right side of the panel. Polarity cannot be observed. An inter- 
nally mounted copper oxide rectifier changes the A.C. into D.C. for 
proper operation of the meter. All A.C. volt ranges are read direct 
on the red A.C. scales using the black figures with the exception of 
the 15 V.- A.C. range which is read on the 150 V. A.C. scale and di- 
vided by 10. 


MI LLIAMPERES 


The 150 M.A. D.C. range is read direct on the black 150 D.C. scale, 
A 1M.A. D.C. range can be obtained by rotating the selector switch to 
the 150 M.V. D.C. position and reading on the black 150 D.C. scale and 
dividing by 150. | 


OHMETER 


The ohmeter ranges are made available by rotating the range selector 
switch to the desired ohms position, plugging in the test leads, and 
clipping the external ends of the test leads together. This will con- 
nect the internal dry cell into the meter circuit and cause the needle 
to move across the scale toward 0 on the Hi-Lo green scale. The "zero 
ohms" knob must now be adjusted to center the needle on the green 0. 
Unclip the leads from each other and the instrument is set-up to mea- 
sure resistance. 


The Lo-ohms range is read direct on the Lo-green scale and has a max- 
imum range of 1000 ohms. 


The Hi-ohms range is read direct on the Hi-green scale and has a max- 
imum range of 100,000 ohms. Always reset the zero-ohms adjuster knob 
each time a switch is made to either one of the ohm ranges. 


ME GOHMS 


The megohm range is made available by rotating the range selector 
Switch to the 150 M.V. D.C. position and connecting a 500 volt D.C. 
power supply in series with the meter and one test lead. The megohm 
maximum range is 50 megohms. 


CAUTION: The power supply must have sufficient internal resistance to 


limit the current to 1 M.A. when the test leads are shorted together. 
A suitable power supply is described on sheet #142A. 


TA-T&R-47 Coyne Electrical School 21 
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